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Abstract 
Incorporating protein into extruded snack foods can increase their value due to 
increasing obesity rates and current market trends, though previous research is limited.  
The objective for this research was to model the effects of varying protein type and 
protein level on the physicochemical, sensory and consumer-acceptance aspects of a 
model extruded snack food.  Twenty formulations were developed with a total protein 
content of 28, 33, 38 and 43% (w/w) comprised of ratios of whey to soy protein of 100:0, 
75:25, 50:50, 25:75 and 0:100 (4 ! 5 factorial design).  Formulations above 33% total 
protein were developed to meet the Food and Drug Administration’s (FDA) requirements 
for high protein food claim, for which there is little research done in this type of 
application.   Instrumental analyses were used to characterize the physical properties of 
samples.  Descriptive analysis was conducted on the samples with 12 trained panelists in 
order to quantitatively profile the sensory characteristics.  Separately, one hundred 
untrained consumers rated their acceptance of the samples using the 9-point hedonic scale.  
Both protein level and protein type had significant effects on multiple dependent 
measures.  Food product developers can use the findings from the study to predict the 
changes in a similar food product by varying protein level or protein type.  
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Chapter 1.  Introduction  
1.1 Motivation 
Incorporating high levels of protein into snack foods is a novel product concept, 
potentially being of high value in the market place (Barnes Reports 2009).   Obesity has 
become a major concern for consumers, leading to increasing incidences of diets that are 
lower in carbohydrates and higher in protein (Layman and Baum 2004; CDC 2011).  This 
is because high protein diets have been found to have positive effects on managing 
weight and controlling the onset of diabetes (Wright 2005).  The current market 
landscape for puffed snack foods is predominantly made up of products with a starch 
base (Guy 2001).  Not many extruded snack products take advantage of certain health 
claims related to high protein, among which include a general claim for high protein, 
requiring 10 grams of protein per serving, and a soy protein health claim, requiring 6.25 
grams of soy protein per serving (FDA 2010). 
Research done on incorporating protein into extruded snack foods is limited.  
Much of the research conducted have been on products that do not incorporate multiple 
types of protein, do not conduct sensory analysis in conjunction with consumer 
acceptance testing, and analyze products that do not meet the requirements for the health 
claims described above.  While most of the previous research agrees on trends of effects 
seen when increasing the level of protein in extruded snack applications, it is unknown to 
what degree these changes impact the perception of the samples.  Consumer testing is an 
essential part of developing acceptable food products (Lawless and Heymann 2010), so it 
is a critical step in determining if there truly is market potential for this type of snack.  
Furthermore, being able to characterize the specific changes that are impacting consumer 
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liking through instrumental analysis and descriptive analysis is a great opportunity to 
understand what aspects of these products are having major effects on liking or disliking. 
1.2 Objectives 
The first objective for this research was to formulate and produce a set of model 
high protein extruded snack foods varying by protein level and protein type, 
incorporating enough protein to meet the health claims stated above.  Secondly, the 
snacks were evaluated in a consumer acceptance test to understand the effect of the 
independent variables, protein level and protein type, on overall acceptance.  Following 
this, the snacks were evaluated by a descriptive analysis panel, which was trained to 
quantify sensory aspects of the products that differentiated in terms of appearance, taste, 
texture, etc.  In addition, the snacks were profiled using a battery of instrumental food 
analysis techniques to understand how the independent variables affect the physico-
chemical properties of the snacks.  These measures were repeated after a six-month 
storage period in ambient conditions (~22°C), to understand the changes the snacks 
underwent during a typical shelf life.  These results were analyzed together to understand 
how various sensory and physico-chemical characteristics may be responsible for 
affecting consumer liking, and how that may change over a six-month storage period.   
1.3 References   
Barnes Reports. 2009. BARNES Reports: Snack Food Manufacturing Industry (NAICS 
31191). United States Snack Food Manufacturing Industry Report 1-95.  
CDC. 2011. Overweight and Obesity Economic Consequences.  
FDA. 2010. Code of Federal Regulations Title 21. 2  
Guy R. 2001. Extrusion Cooking - Technologies and Applications.  
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Lawless H, Heymann H. 2010. Sensory Evaluation of Food: Principles and Practices 2nd 
Edition. Food Engineering & Ingredients 42-.  
Layman DK, Baum JL. 2004.  
Dietary Protein Impact on Glycemic Control during Weight Loss. J Nutr [serial online]. 
134(4):Available from Posted April 1st, 2004.  
Wright R. 2005. The Soy Slowdown. Nutraceuticals World  
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Chapter 2. L iterature Review 
 This research investigates the effects of protein level and protein type on the 
extrusion of a novel high protein extruded snack food.  In order to achieve this goal, a 
thorough reviews on background is necessary on all of the major pieces of the research.  
This review will provide a short background on the processing technique of extrusion, as 
well as the protein sources used to supplement the snack foods.  Both of the protein 
sources, whey and soy, have been utilized in extrusion applications to some degree, 
which are reviewed as well.  Finally, there is an introduction into the sensory evaluation 
used to characterize the snacks as well as a review of studies that have incorporated 
sensory analysis into similar food matrices.   
 
2.1 Extrusion 
 Extrusion cooking is a unique food processing technique that has been utilized by 
the food industry for many years.  It has been responsible for creating many successful 
breakfast cereals, snacks and other directly puffed food products.  It is a high-temperature 
short time continuous process that combines multiple unit operations; including mixing, 
cooking, kneading, shearing, shaping and forming (Fellows 2009).  
A basic overview of the process is as follows: dry material is fed into an open 
barrel along with a set amount of wet material.  Within this barrel is either a single or 
twin co-rotating or counter-rotating large threaded screws, which move the material along 
the barrel while shearing and kneading the dry and wet materials together.  As the 
material moves along the barrel, heat is increasingly applied in multiple zones, cooking 
the material and increasing the pressure within the barrel.  Once the material reaches the 
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end of the barrel, it exits through a small die, which can be shaped to depending on the 
ILQDOSURGXFW¶VVKDSH7KHVXGGHQSUHVVXUHGURSXSRQH[LWLQJWKHGLHUHVXOWVLQPRLVWXUH
being flashed off as steam, which is responsible for puffing.  
This process has been popularized for multiple reasons: microbial safety, low cost 
and ease of use, among others (Guy 2001).  There are multiple parameters within the 
SURFHVVWKDWFDQEHDOWHUHGWRFXVWRPL]HDSURGXFW¶VILQDOFKDUDFWHULVWLFV7KHSDUDPHWHUV
include  screw speed, dry or wet feed rate, and barrel temperatures of varying zones.  The 
process can also utilize many different types of starches, resulting in varying degrees of 
expansion as investigated by Guy.  Incorporating proteins at high concentrations, as this 
research has aimed to do, have typically been investigated in high moisture conditions to 
create textured proteins, typically used as meat-substitutes (Fellows 2009).  This research 
has focused on utilizing high concentration of protein, while decreasing the moisture 
levels to what is typically seen in puffed snack foods, resulting in the creation of a novel 
food form.  Inhibited expansion in higher protein samples has been seen by multiple 
studies in the past (Matthey and Hanna 1997; Onwulata and others 2001; Brncic and 
others 2008; de Mesa and others 2009), which may result in lower consumer acceptance 
ratings due to being different than traditional puffed snack foods.   
 
2.2 Whey Proteins  
This section will describe the advantages of utilizing whey protein as an 
ingredient for protein supplementation.  The FDA has granted GRAS status for whey 
protein concentrates and isolates, allowing them to be extensively used as supplementary 
ingredients to products in the food industry (El-Salam and others 2009).   
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Whey is created as a by-product during cheese and casein manufacturing.  When 
rennet or other enzymes are added to milk during the processing to coagulate the cheese, 
the remaining liquid is an unused byproduct rich in whey protein.  Being a by-product has 
pushed dairy specialists to put forth many efforts to utilize whey, as its disposal is not 
only a waste of significant nutrients but also an environmental concern having pollutant 
effects (El-Salam and others 2009).  Another benefit of being a by-product is that it can 
be produced at a lower cost than alternative sources of dairy proteins, including non-fat 
dry milk (Aguilera and Kosikowski 1978). 
There are major differences between the multiple varieties of whey protein 
products.  The main source of variation is the processing to a range of different protein 
concentrations.  Whey protein concentrate (WPC) is classified as any whey protein 
concentrated to between 35% to 80% total protein.  Whey protein isolate (WPI) is 
classified as any whey protein concentrated to higher than 80% (El-Salam and others 
2009).  Whey protein products also vary by the percentage of lactose, fat and mineral 
contents.  The functionality of how whey proteins are used can be highly dependent on 
these differences.  For instance, an excess of certain minerals such as calcium can have 
significant effects on protein interactions, changing textural character of the food product 
(El-Salam and others 2009). 
2.2.1 Functionality  
When adding whey protein isolates or concentrates to a food system, it is 
important to understand the interactions that could occur with other major components 
and macronutrients in the system specifically carbohydrates, lipids and other proteins.  
During the extrusion process, a large amount of thermal energy is applied for a short 
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period of time, having a significant effect on several facets of the whey protein.  
Inclusion of whey proteins can induce the Maillard reaction during the processing, since 
lysine and other amino acids present in whey can interact with reducing sugars elsewhere 
in the food system.  This results in an in-situ generation of dark colors and toasted flavors.  
Proteins will begin to unfold at lower temperatures of 60 to 70 degrees Celsius, but 
temperatures used in extrusion are typically significantly higher.  At these higher 
temperatures proteins can begin to aggregate and gel.  Therefore in extrusion, protein to 
protein interactions between whey and other proteins in the formula can cause texture 
changes in the finished product (El-Salam and others 2009).  Under the heat of extrusion 
the fats in whey protein products can melt, effectively acting as a lubricant.  This can 
shorten the residence time of the material in the barrel to some degree, reducing the 
amount heat transferred due to the reduction of friction and mechanical energy applied 
(Brncic and others 2008). 
2.2.2 Health benefits 
A major reason to use whey proteins in snack foods are the health benefits 
associated with them. The biggest asset to whey proteins is their abundance of the 
essential amino acid lysine.  When used as a supplement to corn, which is deficient in 
lysine, it helps to create a complete protein, comprised of all the essential amino acids 
(Aguilera and Kosikowski 1978). 
Nutritional research on consumption of whey proteins has shown a number of 
resulting health benefits.  By decreasing accumulation of body fat, as well as accelerating 
weight and fat loss during energy restriction, whey supplements have been shown to 
facilitate a favorable body weight and composition (Ha and Zemel 2003).  Whey also 
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contributes to a favorable body composition by aiding the creation of muscle tissue.  This 
is due to an abundance of the amino acid leucine, which plays a distinct role in protein 
metabolism.  Leucine has been identified as a key signal in the translation initiation of 
muscle protein synthesis, as well as being a substrate for the synthesis of new proteins 
(Ha and Zemel 2003). 
Whey also has health benefits not related to body composition.  Certain 
components of whey, such as lactoferrin and cysteine, have been shown to be effective 
antioxidants.  Lactoferrin (along with glutamine, immunoglobulin-A and b-lactoglobulin) 
is also classified as an immunonutrient, as it can help protect against infection (Ha and 
Zemel 2003). 
2.2.3 Extrusion with Whey 
 Previous work has been done investigating the effects of supplementing extruded 
snacks with various forms of whey protein.  In one study, extrudates with a corn starch 
base were produced using a twin-screw extruder, varying the formula by supplementing 0, 
10, 20 and 30% w/w of whey protein concentrate (WPC).  As the level of WPC increased, 
the extrudates showed lower degrees of expansion and became darker, likely due to the 
maillard reaction being caused by the excess lysine found in WPC.  The hardness of 
extrudates was similar across all levels of WPC, and there were also no effects shown on 
water solubility or water absorbance indices by increasing the level of WPC (Matthey 
and Hanna 1997).  These extrudates had lower total protein contents than those created 
for our study, maxing out at around 24% total protein.    
 A similar study was conducted more recently, but using a corn flour base instead 
of corn starch.  In this study WPC was added at levels of 7.5, 15 and 22.5% w/w.  The 
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ILQGLQJVZHUHVLPLODUWR0DWWKH\¶VZRUN, showing that increasing amounts of WPC 
reduced the expansion of extrudates.  However, this study differed by showing increasing 
amounts of WPC resulting in samples with higher breaking strength indices, a measure 
similar to hardness (Brncic and others 2008).  Since the two studies explored similar 
levels of overall protein, this difference could be due to either variation in the processing 
conditions or from using corn flour instead of corn starch.  Based on the literature 
reviewed for this study, the effect of increasing the total level of protein has been almost 
unanimous in showing the increase in hardness of the extrudates.   Brncic published 
another paper analyzing the same products using other property.  In terms of color, he 
found increasing levels of WPC resulted in higher b* levels and lower L* levels when 
measured with a hunter colorimeter.  The lower L* values can be taken to mean higher 
levels of WPC will darken extrudates, and the higher b* levels can be taken to mean the 
higher levels of WPC will turn the extrudates more yellow, as opposed to blue (Brncic 
and others 2008; Brncic and others 2009).   
 Studies have also been done to compare the effect of whey protein concentrate 
addition in extruded products comprised of varying starch formula bases.  Extrudates 
made with formula bases of corn, rice and potato were supplemented with both sweet 
whey solids and whey protein concentrate at levels of 25 and 50% w/w.  For both types 
of whey protein similar results were found, regardless of formula base.  Increased levels 
of whey showed similar results to studies previously mentioned, decreasing expansion 
and increasing breaking strength of extrudates (Onwulata and others 2001).  Extrudates in 
this study contained up to 40% total protein, which extends the findings related to 
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expansion and hardness from previous studies into the ranges of protein content 
applicable to our study.   
 Whey protein isolates have also been investigated for their effect in an extruded 
snack application.  Extrudates with a corn starch formula base were supplemented with 
WPI at levels of 0, 6, 12 and 18% w/w.  The study also varied moisture levels at 23 and 
27%.  The extrudDWHV¶H[SDQVLRQVKRZHGWKDWWKHPRUH:3,DGGHGWKHhigher degree of 
expansion.  This was due to a higher quantity of air cells produced, with the cells being 
smaller and having thinner walls (Cheng and others 2007).  These results contradict those 
from the previously mentioned studies which used WPC.  Increasing WPI also led to a 
decrease in hardness.  &RPSDULQJWKLVVWXG\WR0DWWKH\¶VZRUNDOVRGRQHZLWKDFRUQ
starch base, there is a distinct contradiction due to the effect of the type of whey protein 
used.  This contradiction could be an indication that the type of protein, not just total 
protein content, is a factor in effecting extrudates characteristics.  However, the protein 
levels in this study are noticeably lower (maxing out at around 16% total protein) than 
WKRVHLQ0DWWKH\¶VZRUNPD[LQJRXWDWDURXQGWRWDOSURWHLQZKLFKFRXOGalso be a 
reason for the discrepancy in the results.   
2.3 Soy Proteins 
 Soy has been used as a supplement to cereal grain based foods for decades.  
Soybeans have a naturally complete amino acid profile, meaning they contain all of the 
essential amino acids which the body is unable to produce on its own.  As stated earlier, 
corn has low total protein content and the protein lacks certain amino acids.  Being 
deficient in both lysine and tryptophan, supplementation with a soy protein can add these 
back in, creating a complete protein (Aguilera, 1978; Martinez-Flores and others 2005). 
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 Soy proteins have been increasingly prevalent in human nutrition research in the 
last few decades as well (Singh and others 2008).  In vegetarian diets, soy products are 
some of the best options for incorporation of protein.  During the Fifth International 
Congress on Vegetarian Nutrition, one of the main points directed from an expert panel 
was for the food industry to replace protein from animal sources with plant based proteins, 
in order to reduce the risk of chronic disease (Jacobs Jr. and others 2009).  If consumers 
were able to obtain some of their daily protein intake from snacks supplemented with soy 
protein, they would be less dependent on sources of animal protein.   
 In further comparison to other sources of protein, soy proteins are highly 
digestible. Digestibility is a factor that should be taken in to account when choosing a 
non-animal source of protein for supplementation. The digestibility of proteins is 
typically measured by the protein digestibility corrected amino acid score.  Casein and 
egg white are the highest with a score of 1.0, meaning they are totally digestible.  Soy 
protein concentrate and soy protein isolate are the next most digestible, with scores of 
0.99 and 0.92 respectively, making them the most digestible plant based sources of 
protein (Singh and others 2008).     
 Many efforts have been taken in the recent past to increase the acceptability of 
soy based foods, which has been a challenge in the American marketplace.  Currently soy 
is not readily accepted in many households, because of the preconceptions of an 
unpleasant taste.  This is likely due to the poor quality of products developed many years 
ago, instituting a bad reputation that the general consumer mindset has associated with 
soy.  However, many experts believe that these preconceptions are changing for several 
reasons.  The main reason that consumers are more open to soy is due to a desire to live 
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perpetually healthier lives.  As a result of recent changes in food marketing regulations, 
there is more allowance for disclosure of health benefits related to soy.  The FDA 
recently allowed that foods with 6.25g of soy protein per serving FDQFODLPµ'LHWVORZLQ
saturated fat and cholesterol that include 25g of soy protein per day may reduce the risk 
RIKHDUWGLVHDVH¶$VKHDUWGLVHDVHFRQWLQXHVWREHDPDMor concern for Americans, food 
manufacturers will certainly be drawn to formulating their products to be able to utilize 
this on-the-package claim, which is one of the major methods of advertising a products 
health benefits (Wansink and others 2005).   
 Experts believe that a major way to increase soy consumption is to position a soy 
food as a familiar food, in the sense that it can work as a substitute or a complimentary 
addition to traditional foods.  This will create an avenue for many consumers to try a soy 
based food for the first time, but it is also critical that the consumer perception of the 
quality of these foods be near equivalent to the traditional foods it is substituting.  
Knowing which key attributes in those products are valued by consumers is fundamental 
for creating a soy based substitute (Wansink and others 2005).   
 2.3.1 Functionality 
 In terms of general versatility in food systems, soy proteins, especially isolates, 
are superior to other food proteins (Singh and others 2008).  The number of functional 
uses a soy protein can have in a product is extensive, including: emulsification, fat 
absorption, water absorption, texturization, dough formation, film formation, adhesion, 
cohesion, elasticity, color control and aeration (Singh, 2008).  Processing conditions can 
vary the functionality of soy protein isolates, resulting in variations in solubility, 
emulsion capacity and viscosity (Singh, 2008).   
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When used as a supplement in extruded snack foods, soy proteins have a number 
of characteristics that suit them well for these processing conditions.  The temperatures 
typical of extrusion are high enough to inactivate trypsin inhibitors, which in turn can 
control bitter flavors (Singh, 2008).  Soy protein concentrates have neutral flavor profile 
to work with as the processes to concentrate the protein level also remove some flavor 
constituents(Singh, 2008).  Another effect of the high heat of the extrusion process is the 
Maillard reaction.  The excess content of the amino acid lysine induces the reaction with 
reducing sugars, resulting in a darker, more toasted color and in-situ generation of flavors 
in the final product (Singh, 2008). 
 2.3.2 Health Benefits 
 Aside from the benefits that go along with being a complete protein, soy has been 
shown to impart a myriad of other health benefits.  Many of the health benefits shown 
from soy consumption have been related to the isoflavone content.  Daidzein, glycilein 
and genistein are the three major isoflavones found in soybeans.  In south-eastern Asian 
countries, soy is much more utilized in food products, and oftent isoflavones are even 
sold as isolated supplements.  Several experimental studies have shown soy, or these 
specific isoflavones, to have anti-carcinogenic effects.  They have also been shown to 
lower cholesterol as well as prevent hormone related diseases such as menopausal 
symptoms, osteoporosis, etc. (Prabhakaran and others 2006) (Singh and others 2008). 
2.3.3 Extrusion with Soy 
 Utilizing soy in extruded foods has been investigated with a variety of soy protein 
sources, formula bases, processing conditions and evaluation techniques.  Work has been 
done evaluating the effect of adding soy flour to a corn flour based extruded products.  
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Sun conducted an experiment adding 10, 20 and 30% w/w soy flour, as well as varying 
the barrel temperatures and screw speeds in order to understand the effects of each on the 
characteristics of the extrudates.  They found that increasing the amount of soy flour, 
effectively increasing the level of total protein, reduced the expansion ratio and increased 
the bulk density of the extrudates.  Increasing soy flour also increased the hardness of the 
extrudates and changed their color by making them darker and more brown, likely due to 
the Maillard reaction (Sun and Muthukumarappan 2002). 
 Soy has also been incorporated into corn flour based extrudates in the form of a 
paste, containing 45.9% protein.  This paste, along with safflower paste, was added to the 
formula in levels of 0, 8 and 17% w/w.  Consumer acceptance testing was conducted to 
understand the effect of the addition of the soy protein paste of the flavor and texture of 
the extrudates.  Results showed that the extrudates with the addition of soy paste up to 
17% were equally accepted to those with none added, as well as in terms of flavor and 
texture.  The total level of protein for these samples was only 18%, which is below the 
33% required for the good protein source claim, but does show that soy or protein 
addition up to this level does not impart any negative flavor or texture characteristics 
(Martinez-Flores and others 2005). 
 Soy protein concentrate (SPC) has also been utilized as a protein rich supplement 
to corn starch based extrudates.  De Mesa investigated the effect of the addition of SPC at 
levels of 0, 5, 10, 15, 20% w/w in extrudates, as well as varying screw speeds.  The 
UHVXOWLQJHIIHFWVZHUHVLPLODUWR6XQ¶VZRUNZLWKVR\IORXUVKRZLQJWKDWWKHUDLVLQJOHYHO
of SPC lowers the expansion ratio resulting in a harder extrudate.  Analysis of extrudates 
showed that the higher the SPC content, the more air cells formed during expansion, 
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however these cells were smaller with thicker walls, resulting in the harder texture (de 
Mesa and others 2009).     
 Soy protein isolate (SPI) has also been studied in extrusion applications with a 
corn flour based formula.  Yu formulated extrudates with 20% w/w SPI and was able to 
model the effects of varying screw speed, barrel temperature and feed moisture.  The 
dependent variables of expansion ratio, breaking stress, water solubility index, 
rehydration ratio and hunter color were each modeled to show the effect of the chosen 
variables (Yu and others 2009).  The SPI used in this study was 90% protein, which 
means each formulation had 18% total protein.  The effects of these processing variables 
are well documented, and though the protein content of our samples will be higher, this 
results from this study were taken into account in deciding not to investigate processing 
variables in our work.   
 Soy has also been added as a supplement to extruded foods with starch formula 
bases other than corn.  Chaiyakul compared two types of extrudates with a rice formula 
base supplemented with vital wheat gluten and soy grits for increased protein at two 
levels, 20 and 30 w/w%.  Other variables studied were the feed moisture content as well 
as the barrel temperature.  Regardless of processing conditions, increasing the protein 
content had a similar effect to previously mentioned studies, resulting in a less expanded, 
harder final product.  This study helps reiterate that not only increased soy, but increased 
overall protein, regardless of source, tends to show the same type of effect to extrudates, 
reducing expansion and increasing hardness (Chaiyakul and others 2009). 
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2.4 Descriptive Analysis  
 The predominant analytical sensory test is descriptive analysis.  While there are 
different methods, the main focus is always the detection and description of both 
qualitative and quantitative sensory aspects of a product, evaluated by trained panels.   
Descriptive analysis can provide a quantitative profile of a food based on its sensory 
aspects: appearance, flavor, texture, etc.  There are different methods of descriptive 
analysis, and their differences lie in the amount of training panelists receive, the types of 
scales they use to measure aspects of the products, the amount of use references play in 
WKHSURGXFW¶VMXGJPHQWVDQGPRUH7KHVHTXDQWLWDWLYHSURILOHVFDQEHFRUUHODWHGWRRWKHU
measures of the product such as instrumental analysis, consumer acceptance testing, etc., 
in order to understand how individual sensory characteristics of the foods correlate with 
these measures.   In comparison to other types of analytical testing, certain types of 
descriptive analysis allow for customization of evaluation, depending on the 
characteristics of the products being evaluated.  With terminology generation and 
reference selection, panels can select the best way to identify and scale certain attributes 
of the products (Meilgaard and others 1991).   
2.4.1 Applicable Descriptive Analysis Studies 
 The flavor attributes of whey and soy protein ingredients have been studied on 
their own using descriptive analysis.  Twenty two different samples of whey and soy 
protein concentrates and isolates were profiled, generating a lexicon of terms able to 
describe their sensory differences (Russell and others 2006).   
The flavor and texture of whey and soy proteins have also been evaluated by 
utilizing descriptive analysis in food forms they are typically used in: meal replacement 
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bars and beverages.  Bars made with whey protein had higher intensities of sweet 
aromatics and cardboard flavor notes as well as a bitter taste.   Bars made with soy 
protein had higher intensities of nutty, cereal and hay flavors.  Bars made with a 
combination of whey and soy were lower in sweet aromatics but higher in hay flavor 
intensity than those formulated only with whey protein (Childs and others 2007).  
 
2.5 Shelf L ife 
 How food products change during the time of storage is always of fundamental 
concern for food product manufacturers.  It is essential to not only understand what 
quality indices are affected during storage conditions, but also the consumer response to 
these changes.  
 Environmental conditions can have effects on  a product¶s appearance, flavor and 
texture.  Types of packaging and storage conditions, in regards to light exposure and 
atmospheric conditions, can play major roles in how a food retains its quality.  Major 
concerns typically center on the effects these conditions can have on the water and lipids 
in food systems.  Moisture from the atmosphere or other components of the food product 
can migrate to components with a lower water activity to create moisture equilibrium, 
change texture .  Lipids in the food are subject to oxidation and in turn rancidity, either 
by light or by exposure to excess oxygen.  This can change the color of a product as well 
as develop volatile compounds typically recognized as off-flavor notes.    
 The shelf life of extruded snack foods have been studied with various 
formulations at various environmental conditions.  In 1994, Lasekan created a wet 
extruded product consisting of PDL]HFRUQRQLRQDQGVKULPS7KHSURGXFW¶VVKHOIOLIH
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was tested at accelerated conditions, being stored in vacuum sealed packages for 30 days.  
Products were stored at 25, 30 and 40°C and were tested with instruments and consumer 
preference testing.  Products were tested for the amount of carbonyls produced, and the 
differences were slight, indicating the risk of rancidity would not be an issue.  Consumer 
preference showed samples stored at 40°C were slightly less preferred than samples 
stored at 20 and 30°C, which were not significantly preferred over one another (Lasekan 
and others 1996).   Typically testing is done at temperatures higher than room 
temperature to try to accelerate the quality degradation that is likely to take place during a 
normal shelf life in ambient conditions.  In this study the highest temperature had an 
effect on consumer preference, but that is to say a product that is stored longer in ambient 
conditions would go through those same changes.  Also, this product was tested in a 
vacuum sealed bags, which remove oxygen and therein the possibility of oxidation, but 
this is atypical to normal storage conditions.  Most extruded snacks are typically 
packaged with some air or with modified atmospheric gases to act as a cushion during 
shipping and handling and prevent oxidation.    
Work has also been done to understand the shelf life of an extruded product 
supplemented with soy.  Extrudates made with a pearl millet base formula were 
supplemented with 15% defatted soy, containing protein levels between 14.7 and 16.0%.  
The characteristics of these extrudates were measured, and the investigators determined 
the shelf life of these products to be approximately six months  (Sumathi and others 
2007).   
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2.6 Modeling 
 When working with unique food systems, such as a high protein extruded snack 
food, it can be difficult to predict how the qualities of the food will be affected by 
changing the formula or degree of processing.  Therefore, to prevent spending lots of 
time in trial and error, statistical modeling has become prevalent in the food industry to 
help product developers predict how certain changes in formulation or processing, which 
are treated as independent variables, will affect quality indices, which are treated as 
dependent variables.  Modeling can predict how processing and formulation changes will 
affect a variety of facets of food products, anything from consumer acceptance to 
instrumental measurements. 
If there is a direct linear relationship between an independent and dependent 
variable, a model will show the effect the independent variable has.  Models can also 
LOOXVWUDWHZKHQWKHUHLVDUHODWLRQVKLSWKDWLVQ¶WOLQHDUIRULQVWDQFHan independent 
variable having a quadratic effect on a dependent variable.  The effect of interactions 
between two independent variables is also typically taken into account in models. Models 
will vary depending what kind of relationship the independent variables have to the 
dependent variables, and can be expressed as following a certain order of kinetics (1st 
order, 2nd order etc.) 
  With the development of computer programs to ease the creation of these models, 
research efforts have been made to assist product developers achieve their desired results 
for a large variety of objectives.  For example, modeling has been used to show the effect 
of various pre-treatments to processing of food products.  Chauhan showed how treating 
pineapple slices with blanching and additives before freezing effects quality indices 
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including sensory responses.  The models created can be used to optimize the 
pretreatment to maintain the quality of the food (Chauhan and others 2009).   
 Data generated by sensory analysis and consumer acceptance testing is 
particularly well suited for modeling.  The creation of a model can easily identify the 
limiting quality factor in how a product is accepted.  Piagentini illustrated this by 
modeling the effect of storage time and conditions on sensory attributes of fresh-cut leafy 
vegetables. Since sensory testing is expensive and time consuming, the models created 
are a useful tool for future use, with their ability to predict losses in quality (Piagentini 
and others 2005). 
There has been successful work related to modeling how both formulation and 
processing independent variables can affect a multitude of quality indices in an extruded 
product.  Prinyawiwatkul showed the effect of altering formula composition, feed 
moisture content and extrusion temperature on the physical properties of a peanut flour 
based extruded snack.  In the models created for each dependent variable, only the 
independent variables that had an effect (p>0.05) were displayed, creating a clear visual 
of what impact each independent variable had.  The models were also used to produce 
predicted values of dependent variables, which were compared against actual values to 
judge the accuracy of the model, as is typically done in these types of studies 
(Prinyawiwatkul and others 1995). 
 
2.7 Summary  
 The research that has been conducted in this area has shown mostly similar results 
from incorporating whey and soy proteins into extruded snack foods.  However, 
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understanding how these changes impact perception of these products through sensory 
analysis is understudied, especially at protein levels sufficient for health claims.  This 
research aims to identify the changes that are perceivable by humans, both in the form of 
trained panelists in a descriptive analysis panel, as well as untrained participants in a 
consumer acceptance test.  In order for this type of product to be commercialized, these 
results will be paramount in deciding the characteristics of the snack for maximum 
acceptance and success in the marketplace.   
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Chapter 3. Storage E ffect on H igh Protein Extruded Snack 
Foods Varying in Protein Level and Type  
 
3.1 Abstract 
 
The objectives of this study were to model the effects of protein type and protein 
level on properties of high protein extruded snack foods and to examine the property 
changes over a six-month storage period.  Twenty formulations were developed with total 
protein levels of 28, 33, 38 and 43% (w/w) comprised of ratios of whey to soy protein of 
100:0, 75:25, 50:50, 25:75 and 0:100 (4 × 5 factorial design).  Formulations above 33% 
total protein were developed to meet the Food and Drug Administration¶V (FDA) 
requirements for high protein food claim, for which there is little research done in this 
type of application.   Processing conditions were selected and modified based on previous 
research on similar soy-based high protein extruded breakfast cereals.  Instrumental 
analyses were used to characterize the physical properties of both fresh and 6-month 
stored samples. Increasing the protein level lowered water hydration capacity and 
KDUGQHVVRIWKHVDPSOHVDVZHOODVVLJQLILFDQWO\DIIHFWHGWKHVDPSOHV¶FRORU The type of 
protein also showed several significant effects on physical properties.  Samples higher in 
soy protein in relation to whey showed a higher degree of expansion, less hardness 
measured by texture analysis as well as color differences.  Over a six-month storage in 
ambient conditions, changes were noted including lower hardness, higher water activity 
and differences in color.  Models were generated for all significant measures, and contour 
plots were constructed to visualize the effects of both independent variables on the 
sample properties.  
K ey words: extrusion, high protein snack foods, soy protein, whey protein, modeling 
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3.2 Introduction   
 Extrusion technology has been established as a useful method for processing 
snack foods due its ability to create products with a uniquely puffed texture.  However, 
the majority of these snack foods are made with starch-based ingredients, due to their 
ease of use and highly acceptable puffed characteristics (Guy 2001). In order to align 
these products in with market trends of satiation and weight management, added protein 
could increase their values (Barnes Reports 2009).  However, previous research has 
shown that incorporating protein to starch based raw materials can limit expansion so 
hinder market appeal (Matthey and Hanna 1997; Onwulata and others 2001; Brncic and 
others 2009).  However, these previous researches were limited due to their uses of a 
single source of protein and low levels of protein that do not qualify for health claims 
potentially useful in marketing this type of product (FDA 2010).  This study aims to 
understand the effects of varying protein level and protein type at the levels high enough 
to meet the high protein claim, and to assist optimization and development of 
commercially viable products in the future.   
The set of instrumental measures used for this study were selected to evaluate the 
properties of the samples and based on previous work done on similar products (Yeu, 
2008; Neely, 2010).    The degree of expansion, measured aptly by diameter and bulk 
density analyses, is of critical importance in extruded snack foods, as it results in texture 
characteristics that are expected and preferred by consumers (Fellows 2009).  The other 
PDMRUSURSHUW\RIWKHVDPSOHV¶DSSHDUDQFHLVFRORUPHDVXUHGLQWKUHHGLPHQVLRQVXVLQJD
colorimeter. The effect the independent variables and processing treatment on the 
moisture in the product is measured in two ways.  Water activity (aw) is an assessment of 
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water available for chemical reactions, and is a very good indicator of the stability of the 
product, as well as the water hydration capacity (WHC), which measures the amount of 
moisture the product can absorb and hold.  The texture of the snack, an essential 
FRPSRQHQWRIDQH[WUXGHGVQDFNIRRG¶VSURILOHDUHPHDVXUHGXVLQJDWH[WXUHDQDO\]HU
which quantifies the amount of force required to break the sample in terms of maximum 
force as well as the total amount of energy required in force × distance plot(the area 
under the curve).   
   
3.3 Materials and Methods 
3.3.1 Materials 
 Twenty formulations were developed using blends of corn meal (CC401 Yellow 
Degermed Corn Meal, Bunge North America, St. Louis, MO), soy protein isolate (SPI) 
90 (PRO-FAM 875 Isolated Soy Protein, Archer Daniels Midland Company, Decatur, IL), 
whey protein isolate (WPI, Instantized BiPro 95% Protein, Davisco Foods International, 
Inc., Le Sueur, MN), whey protein concentrate (WPC, Instantized Whey Protein 
Concentrate 80% Protein, Davisco Foods International, Inc., Le Sueur, MN), salt (Morton 
Salt, Rohm and Haas Company, Inc., Philadelphia, PA), sucralose (Tate and Lyle PLC, 
London, England, UK), vegetable oil (Crisco vegetable oil, The J.M. Smucker Co., 
Orrville, OH) and parmesan cheese flavor (824.0088U N-C Parmesan Cheese Flavor 
NAT (WONF), Flavors of North America International, Geneva, IL).  The formulations 
varied in level of total protein, ranging from 28 to 43% (w/w) in 5% increments, with 
protein sources replacing corn meal in higher protein formulations.  The formulations 
also varied by the type of protein used, being comprised of combinations of both whey 
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and soy proteins in ratios of 100:0 to 0:100 in 25% increments.  These variables were 
arranged in a 4-by-5 factorial design, while all other ingredients were held constant 
across formulations.  The experimental design (4 x 5) of the extruded snacks and code 
names are shown in Table 3.1 and complete formulations are shown in Table 3.2.  The 
extrusion was duplicated to understand the variability inherent with the total process.  
The two repetitions for each sample were carried out on separate days.  Soy protein 
content ranged from 0 to 11.88g per 30g serving in the formulations and those with over 
6.25 g meet the FDA guidelines for claiming the role of soy protein in reducing the risk 
of cardiovascular diseases (FDA 2010).  Formulations were developed to be slightly 
under (28%), meet (33%) and be above (38, 43%) the FDA guideline for claiming high 
protein foods (10g/serving) (FDA 1999).  Formulations with 43% total protein also 
maintain a carbohydrate to protein ratio of less than 1.5, which has been reported to 
enhance weight loss (Layman and others 2003).   
3.3.2 Processing Conditions 
 Processing conditions were adapted from previous studies with similar 
formulations (Yeu and others, 2008; Neely and others 2010).  All samples were produced 
on a co-rotating twin-screw extruder (Werner Pfleiderer ZSK-30, Ramsey, NJ) at a feed 
rate of 10-11 kg/hour with moisture content of feed being 17-18%.  Barrel temperatures 
were set at 50, 90, 120, 120 and 140qC from inlet to die.  The screw speed was set at 300 
revolutions per PLQXWHUSP([WUXGDWHVZHUHIRUPHGXVLQJDQ³2´RUULQJ-shaped die 
cut at the die face using a pelletizer blade rotating at 300 rpm.  Extrudates were collected 
on perforated trays and placed in a forced air oven (Through-flow Air Dryer, Proctor-
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Schwartz, Philadelphia, PA) to dry for 1 hour at 60°C  Finished snacks were stored in 
glass mason jars in a dark in ambient conditions (20°C, 33% RH).   
3.3.3 Microbiological Testing 
 $IWHUSURFHVVLQJVDPSOHVXQGHUZHQWPLFURELRORJLFDOWHVWLQJXVLQJ0
3HWULILOP  plates, which are recognized as AOAC international official methods of 
analysis (AOAC, 2011).  The 33C sample was chosen to be tested, as it contained an 
equal amount of both protein sources.  The sample was tested in triplicate, using Yeast 
and Mold, Enterobacteriaceae, E . Coli and Coliform, and Aerobic Count Plates.  Samples 
were combined with peptone water at a 1:15 ratio of sample to pepsin water, and then 
homogenized using a stomacher.   The mixtures were plated at dilutions of 10-1, 10-2 and 
10-3, aQGHDFKLQGLYLGXDOW\SHRISODWH¶VSURWRFROIRULQFXEDWLRQZDVIROORZHG7KHUHZDV
no growth on any of the plates, confirming our samples were under the detection limit of 
150 colony forming units per gram of sample (cfu/g).  
3.3.4 Physical Properties 
 The sample diameter was measured using a Vernier caliper (Mecanic 6911, Bel-
Art Products, Pequannock, NJ).  Ten measurements were taken and averaged.   
The sample bulk density was determined by measuring the weight of the sample 
when filled to the brim of a Pyrex container with a volume of 400mL.  The weight of the 
sample divided by the 400mL was expressed as the bulk density.  Measurements were 
taken in duplicate.   
 Water hydration capacity (WHC) was measured by a modified procedure of 
Quinn and Paton (1979).  Samples were ground in a coffee-grinder (Black and Decker 
Smart Grind Coffee Grinder, Towson, Maryland), with ten 1-second pulses.  Five grams 
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of ground sample were placed in a 50 mL centrifuge tube and the weight of the tube plus 
sample was recorded.  Twenty-five mL of distilled water was added to the tube, and the 
sample was shaken vigorously to fully hydrate for 1 minute.  The samples were then 
centrifuged at 8,000 rpm (5,000 x g) for 20 min at 5qC (Sorvall RC-5B, Thermo Electron 
Corp., Asheville, NC) using a Sorvall SM 24 Rotor (Thermo Electron Crop., Asheville, 
NC).  The supernatant was decanted and the weight of the tube with sediment was 
recorded.  Measurements were taken in duplicate.  WHC was determined using the 
following equation: 
WHC = (Weight of Tube + Sediment) ± (Weight of Tube + 5.0g sample) x 100% 
5.0g sample 
 
 Color was determined by Labscan 6000 colorimeter (Hunter Associates 
Laboratory, Inc., Reston, VA).  Ground samples were placed in a Petri dish and evaluated 
with CIELAB 10q/D65 setting.  Measurements were taken in triplicate.  The following 
parameters were measured: L* (100 = white; 0 = black), a* (+ = red; - = green), and b* 
(+ = yellow; - = blue).    Instrumental color measurement is critical, as the human eye 
synthesizes responses for hue, saturation and lightness into a single color perception, and 
can not determine which of these three may be truly differentiating samples from each 
other (Harold 2001).   
 Texture was analyzed by a TA-XT2i Texture Analyzer (Texture Technologies 
Corp., Scarsdale, N.Y.) fitted with a mini Kramer shear cell.  The force in compression 
was measured with a test speed of 2 mm/s and a trigger force of 0.098 N over the time 
required for the cell to probe 15 mm into 1 piece of the sample placed die cut side down.  
The energy required for displacement of the samples was determined by measuring the 
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area under the force-time curve between 0 and 15 seconds, and the maximum amount of 
force applied was also recorded.  Both measurements were based on 5 replications.  
3.3.5 Sample Storage 
 Samples were stored in closed mason jars in ambient conditions (20° C, 33% 
relative humidity) in a dark room.  After 6 months of storage time, all instrumental 
measurements were repeated, except for diameter since no changes were anticipated. 
3.3.6 Statistical Analyses 
 Data were analyzed by Analysis of Variance using PROC GLM on SAS, with F-
YDOXHVVKRZQLQ7DEOH6$6,QVWLWXWH&DU\1&)LVKHU¶V/HDVWSignificant 
Difference Test was used to compare among different treatments.   
Statistical analyses were repeated with data collected after the 6-month storage.  
Measurements from the initial and after the storage were compared for each protein level 
and protein type average using PROC TTEST on SAS.  F-values for each measurement 
are shown in Table 3.4.    Interaction between storage time and the independent variables 
was also determined, which when significant would indicate that the dependent value 
changed differently over the storage time, based on the level of the independent variable.  
3.3.7 Modeling 
 Data were also analyzed using response surface modeling using a CCF (central 
composite face centered) design.  Models were generated using Modde 9.0 (Umetrics, 
Umeå, Sweden).  The models utilized quadratic and interaction terms for both 
independent variables of protein level and protein type (formatted as percentage of whey 
in relation to soy).  Contour plots were generated to visualize the models, and coefficients 
for all factors were collected (Table 3.5).  Validation terms were also collected, including 
31 
R2, R2 adjusted and Q2 values (Table 3.6).  R2 values expressed the fraction of variation 
of the response explained by the model and R2 adjusted values expressed the fraction of 
variation of the response explained by the model adjusted for degrees of freedom. Both of 
these are overestimates of the goodness of fit. Q2 values expressed the fraction of the 
variation of the response predicted by the model according to cross validation, which is 
an underestimate of the goodness of fit (Umetrics, 2009).  Models were re-generated for 
measurements that showed significant differences over the 6-month storage period, with 
coefficients in Table 3.7 and validation terms in Table 3.8.   
 
3.4 Results and Discussion 
In this study, instrumental measurements provided critical complementary 
information to the sensory analysis also performed on the samples.  The repeated 
measurements allow us to help correlate the descriptive analysis attribute ratings and 
consumer testing results to physical characteristics of the samples.  Instrumental analyses 
also provide us an ability to evaluate samples after a six-month storage period with a 
consistency in measurement unattainable using human subjects. Utilizing the same 
equipment and methods minimizes variation between initial and 6-month evaluations that 
would be difficult to achieve with the sensory analysis performed, which use human 
judges who are inherently variable (Meilgaard and others 1991).    
3.4.1 Bulk Density and Diameter 
 The results of the bulk density measurements are shown in Table 3.9 and Figures 
3.1.  Protein type had a significant effect on the bulk density (F =79.56, p<0.001).  In 
general, the samples with more whey protein were denser, with the bulk density ordered 
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in A#B>C>D>E.    The samples had significant variation between processing runs for 
this measure (F =4.74, p<0.05), though the F-value was much lower than for the 
independent variables of protein level and protein type, indicating the variation due to 
replication is much less than the effects of protein level and protein type.   
 The measurement for bulk density had the most direct correlation to the degree of 
expansion each piece underwent.  Among protein types, the A samples, composed of 
100% whey proteins, had the highest values in bulk density, indicating that they had the 
lowest degree of expansion.  Several other studies incorporating whey protein into corn-
based extrudates also showed reduced expansion with higher levels of whey. Reduced 
expansion was seen at levels of whey up to 30% (Matthey and Hanna 1997) and 50% 
(w/w) (Onwulata and others 2001).  The lactose content in the whey protein concentrate 
(WPC), and to a lesser degree in the whey protein isolate (WPI), could be responsible for 
the decrease in expansion, as sugars typically reduce expansion in extruded products (Fan 
and others 1996).  Dissolved solids, such as salt or sugar, lower the viscosity of the mix 
during the extrusion processing, which allows for more steam to escape upon exiting the 
die, inhibiting expansion (Fellows 2009).  Lactose is a unique component in whey protein 
ingredients, with no similar sugars in soy protein ingredients.  However, a different study 
found that at lower levels up to 18%, whey protein has been shown to increase expansion.  
This study explains that result is due to an increase in the specific mechanical energy and 
shear the higher protein sample goes through during extrusion (Cheng, 2007).  Our 
formulations were much higher in protein level, so this contrary finding may be due to 
the difference in the protein levels.    
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The protein level also had a significant effect on the bulk density (F=24.52, 
p<0.001).  There was a less distinct trend between expansion and protein level, averaging 
across all ratios of whey to soy.  Within each protein type, trends of increasing total 
protein showed similar results to the findings with all types of protein averaged.  As 
discussed above, whey protein was shown to have the largest effect on decreasing 
expansion; however, previous research has shown that increasing soy protein can also 
reduce expansion when supplementing a base corn meal ingredient (de Mesa and others 
2009).  In summary, increasing protein level has a significant effect on increasing the 
bulk density, but protein type has a more significant effect.   
 The results of the diameter measurements are shown in Table 3.9 and Figures 3.2.  
The results are highly negatively correlated to the bulk density measurements.  Protein 
level had a significant effect on the diameter (F =26.12, p<0.001).  The samples with 43% 
protein had a significantly smaller diameter than the samples with 28-38% protein.  The 
type of protein also had a significant effect on the diameter (F =369.34, p<0.001).  The 
samples with more whey protein had smaller diameters, with the diameters ordered as A# 
B<C<D<E.    The samples had much more variation between processing runs for 
diameter (F =341.65, p<0.001) compared to bulk density.  This is likely due to the greater 
variability of expansion in individual pieces, with the measurement of the diameter being 
very sensitive to these small differences.  These differences among individual pieces are 
averaged together in the bulk density measurement, which evaluates many pieces at once, 
explaining its much lower variability between processing runs.   
 Contour plots visualizing the models generated to predict bulk density and 
diameter are found in Figure 3.3.  The model for bulk density had an R2 value of 0.87, 
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indicating a very good fit.  The contour plot showed protein type having the larger effect 
until 50% whey protein, after which both protein level and type had major effects.  The 
model for diameter had an R2 value of 0.94, also indicating a very good fit.  The contour 
plot was similar to the one generated for bulk density, with protein type having the larger 
effect until 50% whey protein, after which both protein level and type had major effects.  
3.4.2 Color 
 The results from the color measurements are shown in Table 3.10 and Figures 3.4 
and 3.5.  Protein level had a significant effect on L* (F =9.75, p<0.001), a* (F =8.56, 
p<0.001) and b* values (F =109.81, p<0.001).  As protein level increased, the samples 
tended to have slightly higher L* values, indicating they became lighter in color. The 
43% protein samples had a lower a* value than the other samples, meaning those had less 
of a red character.  The b* level also decreased in higher protein samples, suggesting the 
samples became less yellow. The b* measure was much more significant than the other 
two parameters, and is likely due to the higher protein samples having lower amounts of 
corn meal in the formulation, which inherently has a yellow hue from the carotenoids 
present.  Protein type also had a significant effect on L* (F =3.36, p<0.05), a* (F =27.73, 
p<0.001), and b* values (F =5.79, p<0.001).  There were no distinct trends seen between 
protein type with L* or b* values, but as whey protein increased, a* values increased.   
Other work done on similar products has shown varying results for the effect of 
protein level and type on sample color.  One study found higher amounts of whey 
resulted in a more brown color, similar to the results in our study, explained by the 
authors to be a result of the Maillard reaction (Matthey and Hanna 1997).  A different 
study showed contrasting results, in which whey protein concentrate at 7.5-22.5% did not 
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affect a* values, but did increase b* values (Brncic and others 2009).  This discrepancy 
could be due to the incorporation of soy proteins in our study, which are the predominant 
protein ingredient in lower whey samples.  It was reported in the Brncic and others¶ study 
(2009) that increasing whey proteins decreased the L* value, which is validated in this 
study to a degree ± no distinct trend was found between whey protein and L* value, but 
the sample with the most whey protein did have the lowest L* value.   The differences in 
the total amount of protein in formulation for each study, or color differences between 
base starch materials may be responsible for these discrepancies.   
Variations in the formulation are not the only way the sample color can be 
affected, as processing conditions can also have a significant effect.  A study evaluating 
corn flour and soy protein isolate extrudates showed varying the barrel temperature and 
the feed moisture can also significantly impact L*, a* and b* values (Yu and others 2009).  
These processing parameters were set in our study, but this shows color can be altered by 
other means besides changing the formulation, making it difficult to directly compare 
results between different studies used slightly different processing conditions.   
Contour plots visualizing the models generated to predict the L*, a* and b* values 
based on protein level and protein type are found in Figure 3.5.  Models for a* and b* 
values had fairly high R2 values (0.66 and 0.90, respectively), while the R2 for the L* 
value model was slightly lower (R2 value of 0.46).  The contour plot for a* values shows 
protein type having the more significant effect, and the contour plot for b* values shows 
protein level having the more significant effect, due to the amounts of corn meal as 
discussed above.   
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The samples had significant variation between processing runs for a* values 
(F =22.12, p<0.001) and b* values (F =45.22, p<0.001), but not for L* values.  These F-
values are comparable to those associated with the independent variables, which suggests 
there is an inherent variability to the color within our process.   
3.4.3 Water Activity and Water Hydration Capacity 
 The results of the water activity measurements are shown in Table 3.11 and 
Figures 3.6.  The level of protein did not have a significant effect on water activity 
(F =1.07), but the type of protein did (F =4.42, p<0.05).  The samples with all soy protein 
had the highest water activity, and the samples with all whey protein had the lowest water 
activity, but the samples with mixtures of the two types were statistically similar to each 
other.  The samples did not have significant variation between processing runs for this 
measure (F =2.29).   
 The results of the water hydration capacity (WHC) analysis are shown in Table 
3.11 and Figures 3.7 .  Protein level had a significant effect on WHC (F =37.75, p<0.001).  
As protein level increased, WHC decreased. Samples with 28 and 33% protein were 
higher than samples with 38%, which was higher than samples with 43% protein.  The 
lower amount of corn meal in the higher protein samples likely affects WHC, as samples 
lower in this carbohydrate rich ingredient would be less likely to reabsorb and hold 
moisture.  Similar findings were found in a study evaluating an extruded product with a 
corn meal base, varying levels of added whey protein concentrate (Brncic and others 
2009).  This study showed that higher levels of whey decreased water solubility index, a 
similar measurement to the WHC test done in our work.  A varying result was found by  
Matthey, showing little effect of increasing whey protein on water solubility index, 
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though this study evaluated protein levels below those used in our study (Matthey and 
Hanna 1997).  It is possible the procedures or units used in these studies measurements 
varied from our work to a degree that would be responsible for these conflicting results.   
Protein type had a significant effect on WHC (F =3.39, p<0.05), though there was 
no noticeable trend found with increasing levels of either whey or soy protein, and the F-
value was much lower than the protein level F-value.   
The samples had significant variation between processing runs for this measure 
(F =10.25, p<0.01).  This may be due to variation in the amount of gelatinization the 
starch undergoes, possibly altered by the varying amounts of shear applied during 
extrusion processes (Kokini 1991).   
Contour plots visualizing the models generated to predict WHC and water activity 
measurements are found in Figure 3.8.  The model for WHC had an R2 value of 0.81, 
indicating a good fit, with the contour plot showing the protein level having a larger 
effect.  The model for water activity had an R2 value of 0.50, less of a good fit, with the 
contour plot showing both independent variables having an effect, though the water 
activity values ranged only from 0.11 to 0.14.   
3.4.4 Texture 
The results for the texture analysis are shown in Table 3.12 and Figures 3.9, 3.10.  
When the energy (force x distance) was measured, protein level did not have a significant 
effect (F =1.77).  When the maximum force was measured, protein level had a significant 
effect (F=3.08, p<0.05), though there was no noticeable trend seen with increasing 
protein level, as the F-value was relatively low.  Similar results were reported in another 
study, with no significant change in shear strength upon adding higher levels of WPC to a 
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corn-meal-based extrudate (Matthey and Hanna 1997).  These results are contradictory to 
a previous study evaluating extruded products with a rice flour base, which varied protein 
level by incorporating vital wheat gluten and toasted soy grits, showing extrudate 
hardness to be strongly influenced by protein level when increasing from 20 to 30% 
(Chaiyakul and others 2009).  However, this study also varied moisture content and used 
barrel temperatures higher than in our study, along with using a different source of 
protein (wheat gluten and soy grits vs. whey and soy proteins), which may change how 
the materials behave in terms of expansion.     
However, the type of protein had a significant effect on the energy (force x 
distance) measurement (F =94.82, p<0.001).  As the amount of whey protein increased, 
the amount of energy required to break the samples also increased.  Protein type also had 
a significant effect on the maximum force measurement (F =115.37, p<0.001), also 
showing the samples with more whey protein requiring a higher maximum force to break 
the sample.  Similar results were found in a study incorporating up to 50% (w/w) whey 
protein into a corn-based extruded product, with samples with higher levels of whey 
having higher breaking strength indices, a similar property as used in our study 
(Onwulata and others 2001).  Similar results were also reported by a study incorporating 
WPC at levels between 7.5-22.5% of the formula in a corn-based extrudate (Brncic and 
others 2008).   
The samples did not have significant variation between processing runs for the 
energy (force x distance) or the maximum force measurements (F =0.67 and F =0.02, 
respectively).   
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Contour plots visualizing the models generated to predict both energy (force x 
distance) and maximum force are found in Figure 3.11.  The model for energy (force x 
distance) had an R2 value of 0.94, indicating a very good fit.  The contour plot shows 
protein type having a larger effect until the amount of whey reaches 50%, above which 
both protein level and protein type both have noticeable effects. The model for maximum 
force had an R2 value of only 0.36, indicating a lack of good fit, with the plot showing 
both protein level and protein type having a nearly equivalent effect for all levels.   
3.4.5 Correlation of Instrumental Measurements 
A correlation matrix and a principal component analysis (PCA) plot were 
generated to understand the overlap among measurements, shown in Table 3.13 and 
Figure 3.12, respectively.  Bulk density and diameter were highly negatively correlated (-
0.93), as these measurements both analyze the degree of expansion in different directions.  
These measurements also correlated significantly to the texture analysis ± energy (force x 
GLVWDQFHUHSUHVHQWHGDVµ7H[WXUH$UHD¶RQWKH3&$SORWZLWKEXONGHQVLW\-0.86 
with diameter).  This reiterates the discussion presented earlier of the force required to 
break the sample shows an inverse correlation to the degree of expansion in each piece.  
All three of these properties also correlated significantly with water activity.   The higher 
the degree of expansion, the higher the water activity, as it negatively correlated with 
bulk density and texture analysis measuring energy (-0.49 and -0.56, respectively), and 
positively correlated to diameter (0.53).   
The a* values also correlated significantly with diameter (-0.56) and texture -  
energy (0.69), as samples containing more whey had higher a* values and a lower degree 
of expansion.  This is clearly presented in the PCA plot, with many A and B samples 
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clustered around the DDQGµWH[WXUHDUHD¶UHIHUULQJWRHQHUJ\± (force x distance)) 
measurements. 
 Other properties shown to have significant correlations were color and water 
hydration capacity (WHC).   L* values were negatively correlated with WHC (-0.75), and 
a* and b* values were positively correlated (0.52 and 0.84, respectively).  As the total 
level of protein increased, WHC values decreased, and all color values followed the same 
trends as expected from their correlation values with WHC.  In higher protein samples, 
there is less corn meal in the formulation, which as described above likely affect color as 
well as WHC for reasons discussed above.   
3.4.6 Summary of Initial Measurements 
 Overall, the major trends observed with increasing protein level were: increasing 
L* and decreasing b*, water hydration capacity and energy (force x distance) from 
texture analysis.  The major trends seen with increasing soy protein in relation to whey 
protein were: lower a* hunter color values, lower bulk density, larger diameter, lower 
values for energy (force x distance) and maximum force from texture analysis.  Overall, 
the type of protein caused the main variation across the samples, as seen in the PCA plot, 
with Factor 1 (F1) clearly separating out samples high in soy to the left and sample high 
in whey to the right.                  
3.4.7 E ffects of Storage T ime 
 The results of the analysis of variance for instrumental analysis comparing 
samples after 6 months of storage can be found in Table 3.4.  Some physical properties 
did not significantly change, including bulk density, color (L*) and water hydration 
capacity.  Significantly changed properties were color (a* and b* values), texture (energy 
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and max. force) and water activity.   Models were generated for properties showing 
significant changes, with coefficients and validation terms presented in Tables 3.7 and 
3.8, respectively.  The effect of storage time on these characteristics of the samples will 
be discussed below.    
3.4.8 Color 
In terms of color, noticeable changes were seen in the a* and b* values from the 
hunter colorimeter measurement (Table 3.14).  Both values decreased during the storage 
time, resulting in an overall more faded color.  A lower positive a* value means a less red 
and more green hue, and a lower positive b* value means a less yellow hue.  The L* 
value did not significantly change, indicating the samples did not darken.  When samples 
were averaged across protein level, a* values decreased significantly for samples with 
28% protein (Figure 3.13, 3.15).  When samples were averaged across protein type, a* 
values decreased significantly for D samples (Figure 3.13, 3.15). Significant decreases in 
b* values by storage time were found across all protein levels and types (Figure 3.14, 
3.15).   
The statistical analysis also displayed the interaction of storage time with both 
protein level and protein type, in order to understand which of these independent 
variables were responsible for changes seen over the storage time. For a* values, there 
was no significant interaction between storage time and protein type (F=0.78) or protein 
level (F=0.06).   For b* values, there was no significant interaction between storage time 
and protein type (F=0.25) or protein level (F=0.85).  
3.4.9 Texture  
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Texture analysis showed that the energy (force x distance) required to break the 
samples decreased for A and B samples, as well as samples with 28% protein over the 6-
month storage time, shown in Table 3.15 and Figures 3.16 and 3.17.  Both the maximum 
force and energy (force x distance) showed significant differences, but due to variability 
within the maximum force measurement in extruded products with the expansion, only 
the energy (force x distance) values will be discussed.  The variation in the cellular 
structure within each piece results in variability in the maximum force required to break 
the sample.  Conversely, the area under the curve takes into account the entire cellular 
structure, with any outlier large peaks of force required being averaged with the rest of 
the readings over the time of the measurement. Similar results were found in a study done 
on an extruded products made with pearl millet which were stored for 6 months in 
ambient conditions.  The study found decreasing values of the sensory attribute of 
crispness, which may correlate to texture (energy in force x distance) (Sumathi and others 
2007). 
When samples were averaged across protein type, A and B samples (comprised of 
100 and 75% whey protein) significantly decreased in texture analysis ± energy values 
over the storage period.  As the amount of soy protein increased, the values decreased to 
a lesser degree over time.  The C and D samples did not significantly decrease, and E 
samples showed significant increase.  This trend of samples with more soy protein 
retaining and ultimately increasing in energy values was confirmed by the significant 
interaction (F=4.89, p<0.001) term between protein type and storage time.  This could be 
due to the surface area of the soy samples being much larger, due to the greater degree of 
expansion.  A larger surface area may result in a higher degree of staling and moisture 
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exchange with the headspace in the container for each piece, resulting in differences seen 
in texture analysis.  
 When samples were averaged across protein level, it was shown that the samples 
lower in total protein decreased significantly in energy (force x distance) to break over 
the storage time.  The 28% protein samples showed a significant decrease in these values, 
while other levels did not.  The interaction between protein level and storage time was 
not significant for this measure (F=0.26).  To summarize, retention of texture over a 6-
month shelf life is possible if the formulation is high enough in total protein and is 
comprised of mainly soy protein.     
3.4.10 Water Activity 
Water activity increased over the 6-month storage period for all samples, though 
protein type and level showed varying effects on the changes, shown in Table 3.16 and 
Figures 3.18 and 3.19.  When samples were averaged across protein type, both types of 
protein in varying ratios showed significant increases in water activity, except for the A 
sample comprised of 100% whey protein.  Interaction between protein type and storage 
time was not significant (F=0.46).  When samples were averaged across protein levels, 
the samples higher in total protein (38% and 43%) showed significant increases in water 
activity.   Interaction between protein level and storage time was not significant (F=2.13).   
There are several possible reasons for this increase in water activity.  The first, 
and most likely reason is due to a difference in the relative humidity in the testing area 
between the initial and 6-month testing dates.  A higher relative humidity in the room 
could slightly increase the water activity of a sample as it was being ground and prepared 
to be measured, as there is a fast exchange of water at the surface of similar types of 
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foods.   Since most samples showed such a slight increase, this could be a viable 
explanation.  However, there was a trend that samples with higher amounts of total 
protein experienced a significant increase in water activity over 6 months, while the 
lower protein samples did not.  Staling was likely occurring during the storage time, a 
process in which water is removed from starch, resulting in amylose and amylopectin 
recrystallization (Gray and Bemiller 2003).  In the samples with higher amounts of 
protein, less starch is present in the formulation resulting in a lower degree of staling, 
which could impact the water activity over time.   
In summary, samples with higher levels of protein, comprised of mostly soy 
protein, showed the highest increases in water activity.  Out of all samples, the highest 
water activity recorded after the six-month storage period was 0.22 for sample 43E.  This 
is still well below the ranges of where microbial proliferation would be of concern, which 
is typically above 0.60 (Fennema, 2008).    
One study evaluated the effect of water activity on lipid oxidation, measured by 
carbonyl levels, over a 90-day storage period on a corn-based extruded product.  Their 
results showed a significant increase in carbonyl level for products around a 0.2 water 
activity over a 90-day storage period, indicating a risk of lipid oxidation.  This was not 
found at higher water activities, as water exerts a protective effect against lipid oxidation 
(Lasekan and others 1996):KLOHWKHSURGXFW¶VORZer water activity may make it safe in 
terms of microbiological growth, there could be concerns with lipid oxidation, though the 
aforementioned study assured that the carbonyl levels they found would not suggest 
much risk.   
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3.5 Conclusions 
Both protein level and protein type had a significant effect on many 
characteristics of the snacks, as has been shown in previous literature.  Increasing the 
level of protein lowered WKHVDPSOHV¶water hydration capacity, lowered values for texture 
analysis measuring eneUJ\IRUFH[GLVWDQFHDQGKDGHIIHFWVRQWKHVDPSOHV¶FRORU.  
These results mostly reiterated many findings from previous studies, aside from those 
using widely different levels of protein, types of protein or processing conditions.   
The effects of protein type were also found to be significant.  Samples high in soy 
protein, in relation to whey protein, were found to have a higher degree of expansion, less 
hardness measured by texture analysis as well as color differences.  It is difficult to 
compare these findings to those from previous studies, as the vast majority used a sole 
source of protein, though relating our general findings on the effect of protein level can 
still be useful in making comparisons.   
The effects of a 6-month storage time were slightly fading color, a slight increase 
in water activity and a decrease in the amount of force required to break the samples.  
Based on correlations from the sensory work done, it is unlikely that these changes would 
significantly impact how consumers perceive the product.   
Models generated from these results can be directly used, or their trends can be 
interpreted for customization of the properties of a similar high protein extruded snack 
food.   
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3.7  Tables and F igures 
 
Table 3.1.  4-by-5 experimental design of high protein extruded snacks and 
corresponding formulation names 
 
Protein Level 
(% w/w) 
Protein Type (Ratio of whey to soy protein in formula) 
A (100:0) B (75:25) C (50:50) D (25:75) E (0:100) 
28 28A 28B 28C 28D 28E 
33 33A 33B 33C 33D 33E 
38 38A 38B 38C 38D 38E 
43 43A 43B 43C 43D 43E 
 
28, 33, 38 and 43 refer to the total protein level, while A, B, C , D and E refer to the ratio 
of whey to soy protein, being 100:0, 75:25, 50:50, 25:75 and 0:100 respectively 
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Table 3.2.  Ingredient compositions of high protein extruded snack foods.  Formula names refer to those described in Table 3.1 
   
Ingredients (% w/w) 28A 28B 28C 28D 28E 33A 33B 33C 33D 33E 
Corn Meal 66.62 66.62 66.62 66.62 66.62 60.60 60.60 60.60 60.60 60.60 
WPI 95 17.36 12.99 8.68 4.31 0.00 21.33 16.01 10.64 5.32 0.00 
WPC 80 8.56 6.45 4.23 2.17 0.00 10.62 7.95 5.34 2.67 0.00 
SPI 90 0.00 6.48 12.96 19.45 25.93 0.00 7.99 15.97 23.96 31.95 
Salt 2.95 2.95 2.95 2.95 2.95 2.95 2.95 2.95 2.95 2.95 
Sucralose 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 
Oil 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 
Parmesan F lavor 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
           
Ingredient (% w/w) 38A 38B 38C 38D 38E 43A 43B 43C 43D 43E 
Corn Meal 54.57 54.57 54.57 54.57 54.57 48.55 48.55 48.55 48.55 48.55 
WPI 95 25.31 18.92 12.65 6.30 0.00 25.43 19.07 12.73 6.35 0.00 
WPC 80 12.67 9.57 6.34 3.20 0.00 18.56 13.93 9.27 4.65 0.00 
SPI 90 0.00 9.49 18.99 28.48 37.98 0.00 11.00 22.00 33.00 44.00 
Salt 2.95 2.95 2.95 2.95 2.95 2.95 2.95 2.95 2.95 2.95 
Sucralose 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 
Oil 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 
Parmesan F lavor 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
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Table 3.3.  Analysis of variance table for physical properties describing 20 high protein extruded snack foods 
 
Property 
Protein 
Level 
Protein 
Type 
Processing 
Rep 
LevelxType 
Interaction 
Bulk Density 24.52 *** 79.56 *** 4.74 * 2.79 ** 
Diameter 26.12 *** 369.34 *** 341.65 *** 2.71 ** 
Color - a* 8.56 *** 27.73 *** 22.12 *** 3.37 *** 
Color - b* 109.81 *** 5.79 *** 45.22 *** 3.48 *** 
Color - L* 9.57 *** 3.36 * 2.36 
 
1.78 
 Water Hydration Capacity 37.75 *** 3.39 * 10.25 ** 1.76 
 Texture  - Energy 1.77 
 
94.82 *** 0.67 
 
1.87 * 
Texture ± M.F. 3.08 * 115.37 *** 0.02 
 
0.47 
 Water Activity 1.07 
 
4.42 * 2.29 
 
1.03 
  
 
Table 3.4. Analysis of variance table for physical properties describing 20 high protein extruded snack foods incorporating 6-month 
storage effects 
 
Property Protein Level Protein Type 
Processing 
Rep 
LevelxType 
Interaction Storage T ime 
Bulk Density 41.37 *** 169.59 *** 0.16 
 
5.91 *** 0.45 
 Color - a* 12.94 *** 36.96 *** 1.39 
 
6.60 *** 37.36 *** 
Color - b* 93.75 *** 11.38 *** 22.67 *** 3.37 *** 233.69 *** 
Color - L* 13.92 *** 7.72 *** 0.72 
 
4.18 *** 3.14 
 Water Hydration 
Capacity 98.71 *** 14.48 *** 4.02 * 2.84 ** 0.02 
 Texture ± Energy 0.30 
 
128.97 *** 5.89 * 3.38 *** 10.83 ** 
Texture ± M.F. 8.93 *** 161.56 *** 0.55 
 
1.42 
 
4.18 * 
Water Activity 2.94 * 6.11 *** 0.00 
 
0.96 
 
34.48 *** 
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Table 3.5.  Coefficients for models generated predicting instrumental measures 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Models are set up as the dependent measure equaling the constant score plus each term.  Protein level and percent whey are linear 
terms, with each coefficient being multipled against the decimal of the protein level (x) (0.28 to 0.43) or percent whey (y) (0.00 to 
1.00).  Pro*Pro refers to the quadratic term for protein level, Per*Per refers to the quadratic term for percent whey and Pro*Per 
refers to the interaction term between both variables.  For example, a typical equation would be represented below: 
 
ݕ݈݅݁݀ ൌ ܽ ൅ ܾሺݔሻ ൅ ܿሺݕሻ ൅ ݀ሺݔଶሻ ൅ ݁ሺݕଶሻ ൅ ݂ሺݔݕ)
Property 
 
Constant 
(a) 
Protein 
Level 
(b) 
Percent 
Whey 
(c) 
Pro*Pro 
(d) 
Per*Per 
(e) 
Pro*Per 
(f) 
Bulk Density 187.67 12.36 41.22 17.85 -21.67 5.52 
Diameter 10.81 -0.45 -2.19 -0.47 1.62 -0.13 
Color - a* 6.78 -0.20 0.64 -0.35 -0.08 -0.02 
Color - b* 35.95 -1.62 -0.21 -0.23 -0.46 0.14 
Color - L* 75.12 0.70 -0.10 0.26 -0.07 -0.01 
WHC 2.98 -0.23 0.04 -0.06 -0.02 0.01 
Texture - Energy 290.91 -11.16 92.06 0.12 -32.00 -17.16 
Texture ± M.F. 237.16 -38.53 45.26 9.49 1.52 3.77 
Water Activity 0.13 0.00 -0.01 0.00 0.00 0.00 
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Table 3.6.  Validation measurements for models generated predicting instrumental 
measures 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Property R2 
R2  
Adj . 
 
Q2  
Bulk Density 0.87 0.82 0.74 
Diameter 0.94 0.92 0.80 
Color - a* 0.66 0.54 0.31 
Color - b* 0.90 0.86 0.74 
Color - L* 0.46 0.26 -0.03 
WHC 0.81 0.74 0.58 
Texture - Energy 0.94 0.92 0.74 
Texture  - M.F. 0.36 0.13 -0.10 
Water Activity 0.50 0.32 0.08 
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Table 3.7.  Coefficients for models generated predicting instrumental measures that showed significant differences over a 6-month 
storage period 
 
 
 
 
 
 
 
 
 
 
 
Models are set up as the dependent measure equaling the constant score plus each term.  Protein level and percent whey are linear 
terms, with each coefficient being multipled against the decimal of the protein level (x) (0.28 to 0.43) or percent whey (y) (0.00 to 
1.00).  Pro*Pro refers to the quadratic term for protein level, Per*Per refers to the quadratic term for percent whey and Pro*Per 
refers to the interaction term between both variables.  For example, a typical equation would be represented below: 
 
ݕ݈݅݁݀ ൌ ܽ ൅ ܾሺݔሻ ൅ ܿሺݕሻ ൅ ݀ሺݔଶሻ ൅ ݁ሺݕଶሻ ൅ ݂ሺݔݕ) 
 
 
 
 
 
 
 
 
 
 
 
Property 
 
Constant 
(a) 
Protein 
Level 
(b) 
Percent 
Whey 
(c) 
Pro*Pro 
(d) 
Per*Per 
(e) 
Pro*Per 
(f) 
Color - a* 6.35 -0.15 0.43 -0.30 -0.12 0.04 
Color - b* 33.64 -1.27 -0.27 -0.14 -0.84 0.22 
Texture - Energy 261.27 10.79 65.31 -2.72 -22.62 -16.89 
Water Activity 0.15 0.01 -0.01 0.00 0.00 0.00 
54 
Table 3.8.  Validation measurements for models generated predicting instrumental 
measures that showed significant differences over a 6-month storage period 
 
Property R2 
R2  
Adj . 
 
Q2  
Color - a* 0.48 0.29 0.01 
Color - b* 0.86 0.81 0.64 
Texture - Energy 0.88 0.83 0.75 
Water Activity 0.67 0.55 0.37 
 
$OORIWKHIROORZLQJWDEOHVDQGJUDSKV¶OHWWHUVGHQRWHLQGLYLGXDOVLJQLILFDQWGLIIHUHQFHVDW
SRUOHVVEHWZHHQHDFKVDPSOH¶VLQLWLDOYDOXHDQGYDOXHZKHQPHDVXUHGDIWHU
months of storage time.
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Table 3.9.  Bulk Density and diameter of extruded samples 
 
T reatment 
(Ratio of 
whey:soy) 
Bulk Density x Diameter y 
A (100:0) 219.73 a 10.19 d 
B (75:25) 227.15 a 9.91 d 
C (50:50) 194.58 b 10.83 c 
D (25:75) 174.89 c 11.73 b 
E (0:100) 103.80 d 16.84 a 
x Bulk density measured in grams per liter (g/l), values based on an average of two 
readings.  y Diameter measured in millimeters (mm), values based on average of ten 
readings.  All values are averaged across all protein levels (28, 33, 38 and 43%).   
 
 
T reatment 
(% protein w/w) 
Bulk Density x Diameter y 
28% 176.48 b 12.20 a 
33% 179.91 b 12.26 a 
38% 161.03 c 12.26 a  
43% 218.71 a 10.88 b 
x Bulk density measured in grams per liter (g/l), values based on an average of two 
readings.  y Diameter measured in millimeters (mm), values based on average of ten 
readings.   All values averaged across all protein types (ratios of whey to soy: A ± 100:0, 
B ± 75:25, C ± 50:50, D ± 25:75 and E ± 0:100). 
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Table 3.10.  Hunter colorimeter measurements of extruded samples 
 
T reatment 
(Ratio of whey:soy) 
L*x a*y b*z 
A (100:0) 74.74 c 7.39 a 34.57 c 
B (75:25) 76.08 a 6.33 bc 35.31 ab 
C (50:50) 75.10 bc 6.69 bc 35.77 a 
D (25:75) 74.95 bc 6.14 c 35.64 ab 
E (0:100) 75.64 ab 5.28 d 35.13 b 
x 100 = white; 0 = black;  y + = red; ± = green;  z + = yellow; ± = blue. L*, a*, and b* 
values based on average of three readings averaged across all protein levels (28, 33, 38 
and 43%).  
 
T reatment 
(% protein w/w) 
L*x a*y b*z 
28% 74.55 c 6.37 a 37.22 a 
33% 74.90 bc 6.70 a 36.19 b 
38% 75.32 b 6.56 a 34.73 c 
43% 76.45 a 5.83 b 33.00 d 
x 100 = white; 0 = black;  y + = red; ± = green; z + = yellow; ± = blue. L*, a*, and b* 
values based on average of three readings averaged across all protein types (ratios of 
whey to soy: A ± 100:0, B ± 75:25, C ± 50:50, D ± 25:75 and E ± 0:100).   
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Table 3.11. Water hydration capacity (WHC) and water activity (aw) of extruded samples 
 
T reatment 
(Ratio of 
whey:soy) 
Water Hydration 
Capacity x Water Activity y 
A (100:0) 2.97 a 0.11 c 
B (75:25) 2.82 b 0.13 ab 
C (50:50) 2.99 a 0.12 bc 
D (25:75) 2.93 ab 0.13 ab 
E (0:100) 2.80 b 0.14 a 
x Water Hydration Capacity (WHC) is measured in grams of water per gram of sample (g 
H20/g sample), values based on an average of  two readings. y Water activity (aw) values 
based on a single replication.  All values are averaged across all protein levels (28, 33, 
38 and 43%).   
 
T reatment 
(% protein w/w) 
Water Hydration 
Capacity x Water Activity y 
28% 3.16 a 0.12 a 
33% 3.05 a 0.13 a 
38% 2.85 b 0.13 a 
43% 2.54 c 0.12 a 
x Water Hydration Capacity (WHC) is measured in grams of water per gram of sample (g 
H20/g sample), values based on an average of  two readings. y Water activity (aw) values 
based on a single replication.  All values averaged across all protein types (ratios of 
whey to soy: A ± 100:0, B ± 75:25, C ± 50:50, D ± 25:75 and E ± 0:100). 
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Table 3.12.  Texture analysis measurements for extruded samples 
 
T reatment 
(Ratio of 
whey:soy) 
Texture ± Energy (force x 
distance) x 
 
Texture ± Max 
Force y 
 
A (100:0) 359.98 a 72.96 a 
B (75:25) 341.44 a 62.58 b 
C (50:50) 267.32 b 49.87 c 
D (25:75) 241.79 b 46.08 c  
E (0:100) 92.57 c 17.19 d 
x Texture ± Energy (force x distance) is measured in N*mm, values based on an average of five 
readings.  y Texture ± max force is measured in N, values based on an average of five readings.  
All values are averaged across all protein levels (28, 33, 38 and 43%).   
 
T reatment 
(% protein w/w) 
 
Texture ± Energy 
(force x distance) x 
 
Texture ± Max 
Force y 
 
28% 276.55 a 48.05 b 
33%  261.67 ab 49.81 ab 
38%   259.40 ab 47.05 b 
43%  244.88 b 54.03 a 
x Texture ± ± Energy (force x distance) is measured in N*mm, values based on an average of five 
readings. y Texture ± max force is measured in N, values based on an average of five readings.  
All values averaged across all protein types (ratios of whey to soy: A ± 100:0, B ± 75:25, C ± 
50:50, D ± 25:75 and E ± 0:100). 
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Table 3.13. Correlation matrix (Pearson (n)) of instrumental measurements 
 
 
 
 
 
 
 
 
 
 
 
 
Properties 
Bulk 
Density Diameter 
Texture 
Energy 
Texture 
Max 
Force L* a* b* WHC Aw 
Bulk Density 1.00                 
Diameter -0.93 1.00 
       Texture Energy 0.76 -0.86 1.00 
      Texture Max Force 0.13 -0.23 0.43 1.00 
     L* 0.25 -0.06 -0.13 -0.28 1.00 
    a* 0.36 -0.56 0.69 0.35 -0.65 1.00 
   b* -0.25 0.15 0.04 0.27 -0.61 0.23 1.00 
  WHC -0.14 -0.01 0.24 0.33 -0.75 0.52 0.84 1.00 
 Aw -0.48 0.53 -0.56 -0.13 0.18 -0.51 0.15 -0.14 1.00 
Values in bold are different from 0 with a significance level alpha=0.05 
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Table 3.14.  Hunter colorimeter measurements with significant changes over 6-month 
storage period 
 
T reatment 
(Ratio of 
whey:soy) 
Initial  
a* values 
6-month  
a* values 
Initial  
b* values 
6-month 
b* values 
A (100:0) 7.39  6.59 34.57 a 31.59 b 
B (75:25) 6.33  5.86 35.31 a 32.80 b 
C (50:50) 6.69 6.38 35.77 a 33.62  b 
D (25:75)  6.14 a  5.72 b 35.64 a 33.28  b  
E (0:100) 5.28  5.19 35.13 a 32.29  b 
 
 
T reatment 
(% protein w/w) 
Initial  
a* values 
6-month  
a* values 
Initial  
b* values 
6-month 
b* values 
28%  6.37 a   5.92  b 37.22 a  34.24  b 
33% 6.70  6.22 36.19 a 33.44  b 
38% 6.56 6.13 34.73 a 32.21  b 
43% 5.83  5.52 33.00 
a  30.97  b 
Letters GHQRWHDVLJQLILFDQWGLIIHUHQFHEHWZHHQHDFKVDPSOHJURXS¶VLQLWLDODQG-month 
value at p<0.05 or less. 
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Table 3.15. Texture analysis - energy (force x distance) measurements for samples after 
6-month storage period 
T reatment 
(Ratio of 
whey:soy) 
Initial  
Energy   
Measurements 
6-month  
Energy 
 Measurements 
A (100:0)  359.98 a 304.85 b 
B (75:25)  341.44 a 300.66 b 
C (50:50) 267.32  240.30 
D (25:75) 241.79  219.57 
E (0:100)  92.57 b  120.34 a 
 
T reatment 
(% protein 
w/w) 
Initial  
Energy  
 Measurements 
6-month  
Energy 
 Measurements 
28%  276.55 a 222.58 b 
33% 261.67 229.64 
38% 259.4 248.79 
43%  244.88 247.56 
/HWWHUVGHQRWHDVLJQLILFDQWGLIIHUHQFHEHWZHHQHDFKVDPSOHJURXS¶VLQLWLDODQG-month 
value at p<0.05 or less. 
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Table 3.16. Water activity (aw) measurements for samples after 6-month storage time 
 
T reatment 
(Ratio of 
whey:soy) 
Initial  
Water Activity 
Measurements 
6-month  
Water Activity 
Measurements 
A (100:0) 0.11 .13 
B (75:25) 0.13 a .15 b 
C (50:50) 0.12 a .15 b 
D (25:75) 0.13 a .16 b 
E (0:100) 0.14 a .17 b 
 
T reatment 
(% protein 
w/w) 
Initial  
Water Activity 
Measurements 
6-month  
Water Activity 
Measurements 
28% .12 .14 
33% .13 .14 
38%  .13 a .16 b 
43%  .12 a .17 b 
Letters denote a significant GLIIHUHQFHEHWZHHQHDFKVDPSOHJURXS¶VLQLWLDODQG-month 
value at p<0.05 or less. 
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F igure 3.1.  Bulk density of extruded samples 
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F igure 3.2.  Diameter of extruded samples   
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F igure 3.3.  Contour plots for models predicting bulk density and sample diameter 
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F igure 3.3 (cont.) 
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F igure 3.4.  Hunter colorimeter measurements of extruded samples   
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F igure 3.4 (cont.)   
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F igure 3.4 (cont.)   
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F igure 3.5.  Contour plots for models predicting hunter colorimeter measurements 
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F igure 3.5 (cont.)   
a* values  
      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
72 
F igure 3.5 (cont.)   
b* values  
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F igure 3.6.  Water activity (aw) of extruded samples 
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F igure 3.7.  Water hydration capacity (WHC) of extruded samples   
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F igure 3.8.  Contour plots for models predicting water hydration capacity (WHC) and 
water activity (aw) measurements 
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F igure 3.8 (cont.)   
Water Activity 
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F igure 3.9.  Texture analysis ± energy (force x distance) measurements of extruded 
samples 
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F igure 3.10.  Texture Analysis - maximum force measurements of extruded samples 
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F igure 3.11.  Contour plots for models predicting texture analysis measurements 
 
Texture Analysis ± Energy (force x distance) 
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F igure 3.11 (cont.)   
Texture Analysis ± Maximum Force 
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F igure 3.12.  Principal components analysis biplot of instrumental measurements 
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F igure 3.13.  Hunter a* colorimeter measurements for samples after 6-month storage 
period 
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F igure 3.14.  Hunter b* colorimeter measurements for samples after 6-month storage 
period 
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F igure 3.15.  Contour plots for models predicting hunter colorimeter measurements for 
samples after 6-month storage period 
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F igure 3.15 (cont.)   
b* values  
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F igure 3.16.  Texture analysis ± energy (force x distance) measurements for samples 
after 6-month storage period 
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F igure 3.17.  Contour plot for model predicting texture analysis ± energy (force x 
distance) measurements for samples after 6-month storage period   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
88 
 
F igure 3.18.  Water activity (aw) measurements for samples after 6-month storage time   
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F igure 3.19.  Contour plot for model predicting water activity (aw) for samples after 6-
month storage time  
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Chapter 4. Perceptual Changes and Drivers of L iking of 
Extruded H igh Protein Snacks 
 
4.1 Abstract 
Increasing the amount of protein in snack foods can add to their satiating ability, 
which aligns with many health-based trends in the food industry. Understanding the 
effect of adding high levels of protein in a food matrix is essential for product 
development. The objective for this research was to determine the effects of varying 
protein type and protein level on the sensory-related aspects of a model extruded snack 
food, through descriptive analysis and consumer acceptance testing. Independent 
variables in the design of the snacks were the level of total protein in formulation 
(ranging from 28 to 43% (w/w), in 5% increments) and the protein type (the ratio of 
whey to soy protein ranging from 0:100 to 100:0, in 25% increments). Descriptive 
analysis was conducted on the samples with 12 trained panelists in order to quantitatively 
profile the sensory characteristics.  Separately, one hundred untrained consumers rated 
their acceptance of the samples using the 9-point hedonic scale.  Preference maps were 
generated to identify which attributes of the samples were drivers of liking and disliking.  
Response surface models were created to understand the effect of each variable on 
attributes generated in descriptive analysis and overall consumer acceptance.  Food 
product developers can use the findings from the study to predict the changes in a similar 
food product by varying protein level or protein type.  
 
K ey words: extrusion, high protein snacks, descriptive analysis, consumer testing, 
drivers of liking, response surface modeling 
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4.2 Introduction 
 The snack market has been a steadily growing component of the United States 
food market, with innovative products responsible for increased growth (Food Institute 
Report 2010).  However, some have put the blame on snack foods for the increasing 
obesity epidemic seen in this country and around the world, which has widely opened up 
the market niche for healthier snacking alternatives (Convenience Store News 2010).  
The detrimental effects of obesity on ones overall quality of health are significant.  
It has been shown that with chronic health conditions brought on by obesity are 
equivalent to the effects of twenty years of aging, and are of more concern than both 
smoking and excessive drinking (Sturm 2002).   The economic cost of obesity is also of 
increasing distress, due to both direct costs from medical care and indirect costs from lost 
productivity.  These costs were estimated to be $147 billion in 2009, and are expected to 
grow over time (CDC 2011).   
,QFRUSRUDWLQJSURWHLQLQWRRQH¶VGLHWKDVDPXOWLWXGHRIKHDOWKEHQHILWVDQGLV
gaining popularity in the marketplace due to its effects against obesity.  Research has 
found that increasing the ratio of protein to carbohydrate in RQH¶VGLHWPD\DLGLQZHLJKW
control by several means (Marmonier and others 2000; Layman and Baum 2004; Wright 
2005) .  Higher protein intake can help reduce body fat while maintaining lean body mass, 
which is key in achieving a healthy body weight (Layman and Baum 2004).  Being able 
to satiate oneself is a key to successful dieting, and foods high in protein have been 
shown to manage hunger and blood glucose level as well as provide satiety (Wright 
2005).  Research has also shown that snacks higher in protein delay the onset of hunger 
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significantly longer than snacks higher in fat or total calories (Marmonier and others 
2000).    
Incorporating sensory analysis into the study enables to understand the perceptual 
changes that the independent variables of protein level and protein type impart on the 
products.  Compared to instrumental analyses, sensory data are produced by human 
measurements, which bring its own set of challenges of inconsistencies and variabilities, 
but offer a unique perspective.  Statistically significant differences may be found among 
samples through instrumental measurements, but to understand how perceivable these 
differences are by both untrained and trained human subjects is an essential component of 
our research.  Extrusion technology has gained popularity in part due to its high 
temperature short time process being able to create samples with good sensory properties 
(Fellows 2009), so it is imperative to measure these. 
 Consumer acceptance testing was done to understand how these independent 
variables affect consumers¶ RYHUDOOOLNLQJ,QGHYHORSLQJDIRRGSURGXFW¶Voptimal 
formulation, many factors can play a role, from ingredient availability to cost-to-ease-of-
production ratio.  However, many food producers will stress that the most important 
quality of a food product is how much the typical consumer accepts it; be it for its aroma-
by-mouth, texture or any other perceivable characteristics (Meilgaard and others 1991).   
 A descriptive analysis panel was conducted to understand the differences among 
the samples produced in terms of appearance, aroma, taste, aroma-by-mouth and texture. 
Utilizing data from both the consumer and descriptive analysis panels allows us to 
understand what aspects of the products are driving liking or disliking. 
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4.3 Materials and Methods 
 4.3.1 Experimental Samples 
 Twenty formulations were developed using blends of corn meal (CC401 Yellow 
Degermed Corn Meal, Bunge North America, St. Louis, MO), soy protein isolate 90 
(PRO-FAM 875 Isolated Soy Protein, Archer Daniels Midland Company, Decatur, IL), 
whey protein isolate (Instantized BiPro 95% Protein, Davisco Foods International, Inc., 
Le Sueur, MN), whey protein concentrate (Instantized Whey Protein Concentrate 80% 
Protein, Davisco Foods International, Inc., Le Sueur, MN), salt (Morton Salt, Rohm and 
Haas Company, Inc., Philadelphia, PA), sucralose (Tate and Lyle PLC, London, England, 
UK), vegetable oil (Crisco vegetable oil, The J.M. Smucker Co., Orrville, OH) and 
parmesan cheese flavor (824.0088U N-C Parmesan Cheese Flavor NAT (WONF), 
Flavors of North America International, Geneva, IL).  The formulations varied in the 
level of total protein, ranging from 28 to 43% (w/w) in 5% increments, replacing corn 
meal with the whey and soy proteins in the higher protein formulations.  The 
formulations also varied by the type of protein used, being comprised of combinations of 
both soy and whey proteins in ratios of 0:100 to 100:0 in 25% increments.  These 
variables were arranged in a 4-by-5 factorial design.  All other ingredients aside from the 
corn meal and protein sources were held constant.  The experimental design (4 x 5) of the 
extruded snacks and code names are shown in Table 4.1 and complete formulations are 
shown in Table 4.2.  The total experimental design was carried out twice on separate days 
to understand the variability inherent with the total process.  
 4.3.2 Subjects for descriptive panel 
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 Twelve panelists (4 male, 8 female, 22-49 years old) participated in the 
descriptive analysis portion of the study, being recruited through email and flyers 
(Appendix A).  Panelists were selected based on their availability, interest, non-smoker 
status and lack of food allergies through a pre-screening questionnaire (Appendix B).   
 During a screening session, prospective panelists were tested for their ability to 
taste the bitterness of compound 6-n-propyl-2-thiouriacil (PROP), which is recognized as 
an indicator for overall sensory sensitivity (Bartoshuk and others 1994).  If they were not 
able to detect a bitter taste by tasting the PROP compound (Whatman, Maidstone, UK) 
impregnated on a piece of filter paper (Sigma-Aldrich, Saint Louis, MO), prepared 
according to the method described by Zhao and others (2003), they were not selected to 
participate.   
 Panelists were also screened for sensory sensitivity by completing a test on basic 
tastes (Appendix C), where they were asked to identify the basic tastes in a set of dilute 
solutions (Appendix D).  Solutions were comprised of sodium chloride (0.1% w/v, 
Morton, Chicago, IL), sucrose (0.7% w/v, C&H Sugar Company Inc., Crockett CA), 
caffeine (0.024% w/v, Fisher Scientific, Fair Lawn, NJ), and citric acid (0.05% w/v, Tate 
& Lyle, Decatur, IL).  Six solutions were presented, with citric acid being presented twice 
and spring water (Absopure Water Company, Plymouth, MI) once as a blank.  Panelists 
were asked to participate in the study if they were able to correctly identify the basic taste 
associated with the solution for at least 3 out of the 6 solutions.   
 4.3.3 Reference preparation 
 A complete list of terms, definitions, references, and ratings can be found in 
Tables 4.3 and 4.4.  All references were prepared no more than 24 hours prior to 
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evaluation, and were served in lidded plastic soufflé cups (Solo Cup Company, Urbana, 
IL; Dart Container Corporation, Mason, MI).  Liquid references for basic tastes were 
prepared using spring water as the solvent (Absopure Water Company, Plymouth, MI) 
and were stored in the refrigerator until they were served, while shelf-stable references 
were kept at room temperature (20°C).   
 4.3.4 Panel t raining 
 Panelists were provided with a written description of the study and were asked to 
provide their informed consent (Appendix E).  Panelists participated in 17 one-hour 
sessions of training.  The first 5 sessions were spent evaluating all of the snack samples, 
and generating descriptive terms to fully convey the appearance, aroma, taste, aroma-by-
mouth and textural characteristics of the entire set of samples.  Physical references that 
exemplified the character of the terms generated were discussed and brought in for 
evaluation.  The term list was refined by the group to reduce redundancy in the final list 
of terms to describe the main differences among the samples.  Reference concentration 
and evaluation method were standardized to best represent the attributes perceived in the 
samples. 
Following these initial 5 sessions, panelists established set verbal definitions for 
each descriptive term understandable to the whole group.  References were rated for their 
intensity on the 16-point scale over three separate sessions.  The ends of the scale 
represented the range of intensity of the attribute panelists had seen in the samples, while 
evaluating them during the term generation sessions.  Reference ratings were averaged 
and set on the scale, and practice sample evaluations took place over two sessions.  The 
first practice session was done in a round-table format to encourage discussion of the 
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ratings, and the second in the individual booth setting identical to the final sample 
evaluation procedure.   
4.3.5 Descriptive Panel Sample Evaluation 
All samples were presented in 59 mL soufflé cups (Solo Cup Company, Urbana, 
IL) labeled with random 3-digit codes containing 7g of the snack per cup.  Sample cups 
were prepared no more than 24 hours prior to evaluation and were kept at room 
temperature (~20°C).   
Panelists evaluated each sample in duplicate over five separate sessions.  Each 
session began with a panelist sitting at a table under incandescent light at room 
temperature, reviewing the references and being asked to re-familiarize themselves with 
reference intensity ratings.  Panelists, then, monadically evaluated samples in individual 
booths (22°C, incandescent lighting) using Compusense® five data collection software 
(Version 5.0, Compusense, Guelph, Ontario, Canada).   
Between each sample, panelists completed the rinse protocol, which was to rinse 
the mouth with warm water first followed by cool spring water (Absopure Water 
Company, Plymouth, MI).deemed the most effective by the panel.  Panelists were also 
required to take a one-minute break in between samples to reduce fatigue.  Evaluations 
were made on 16-point category scales ranging from 0-15.    
4.3.6 Consumer Acceptance Testing ± Subjects 
One hundred participants were recruited for the consumer acceptance portion of 
the study (76 female, 24 male, aged 19 - 65).  The study was advertised through flyers 
around the testing building and through e-mail (Appendix F).  Interested panelists were 
screened via a preliminary questionnaire (Appendix G) and selected based on their 
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interest in participating, lack of allergies and availability.  Complete demographic 
information was collected after the testing session (Appendix H).  At the beginning of the 
first session, consumers were provided with a written description of the study and were 
asked to provide their informed consent (Appendix I).   
4.3.7 Consumer Acceptance Testing - Protocol 
The consumer test took place over one 1-hour session.  During this session, 
panelists rated the twenty samples made during the first processing replication in a 
random order using a 9-point hedonic scale ranging from 1 (dislike extremely) to 9 (like 
extremely) (Peryam and Pilgrim 1957). Samples were evaluated in individual booths 
under incandescent light at room temperature (20° C).  Evaluations were completed on 
computers using Compusense® five data collection software (Version 5.0, Compusense, 
Guelph, Ontario, Canada).  Samples were labeled with three-digit codes and presented in 
four sets of five samples.   
All samples were presented in lidded 59 mL plastic soufflé cups (Solo Cup 
Company, Urbana, IL) containing 10g of the sample.  Before the first and between every 
sample, panelists were instructed to rinse with warm water followed by cool water, then 
to expectorate all samples and rinses.  The panelists were subjected to a two-minute break 
between each set of five samples in order to minimize sensory fatigue.     
4.3.8 Data analyses 
Data were analyzed by Analysis of Variance (ANOVA) for each attribute using 
WKHµSURFJOP¶FRPPDQGXVLQJ6$69HUVLRQ9.2, SAS Institute, Cary, NC).  For 
attributes with significant differences across the protein level or protein type, means 
VHSDUDWLRQZDVFRQGXFWHGXVLQJ)LVKHU¶V/HDVW6LJQLILFDQW'LIIHUHQFH/6'SURFHGXUHDW
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a significance level of 5%, also using SAS.  Agglomerative hierarchical clustering (AHC) 
ZDVFRQGXFWHGRQWKHFRQVXPHUVXVLQJWKHRYHUDOOOLNLQJGDWDE\WKH:DUG¶VPHWKRG
with the clusters automatically truncated by the software to generate the optimal number 
of clusters before the largest relative increase in dissimilarity level.  Agglomerative 
hierarchical clustering (AHC), principal components analysis (PCA) biplots, correlation 
matrices, internal and external preference maps were generated using XLSTAT (Version 
2009, Addinsoft USA, New York, NY).   
4.3.9 Modeling 
 Descriptive analysis attribute ratings and consumer acceptance scores were 
modeled using response surface methodology using a CCF (central composite face 
centered) design.  Models were generated using Modde 9.0 (Umetrics, Umeå, Sweden).  
The models generated linear, quadratic and interaction terms for both independent 
variables of protein level and protein type (formatted as a percentage of whey in relation 
to soy).  Contour plots were generated to visualize the models, and coefficients for all 
factors were collected and are shown in Table 4.5.  Validation terms were also collected, 
including R2, R2 adjusted and Q2 values, and are shown in Table 4.6.  R2 values expressed 
the fraction of variation of the response explained by the model and R2 adjusted values 
expressed the fraction of variation of the response explained by the model adjusted for 
degrees of freedom.  Both of these are overestimates of the goodness of fit. Q2 values 
expressed the fraction of the variation of the response predicted by the model according 
to cross validation, which is an underestimate of the goodness of fit (Umetrics, 2009). 
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4.4 Results and Discussion 
4.4.1 Descriptive Analysis Results 
 For each attribute, the F-values calculated from ANOVA are presented in Table 
4.7. The means for samples averaged across protein level and protein type and separated 
by LSD are presented in Tables 4.8a and 4.8b, respectively.   
4.4.2 Appearance 
Contour plots representing the models generated to predict the values for the 
puffed, porous and uniformity appearance attributes are found in Figures 4.1a, 4.1b and 
4.1c, respectively.  Both protein level and protein type had a significant effect on all of 
the appearance attributes.  Protein level had a significant effect on the puffed (F=275.44, 
p<0.001), porous (F=145.36, p<0.001) and uniformity attributes (F=5.50, p<0.01).  As 
the total protein level increased, the snacks became less puffed, less porous and less 
uniform in overall appearance.  The higher protein levels inhibited the expansion of the 
snacks after exiting the die of the extruder, resulting in lower values for the puffed 
attribute.  Inhibited expansion in higher protein samples was expected, as it has been 
shown by multiple studies in the past (Matthey and Hanna 1997; Onwulata and others 
2001; Brncic and others 2008; de Mesa and others 2009).  Lower expansion could be 
responsible for lower porosity values as well, with fewer small pores opening up from 
escaping steam during the expansion process. Uniformity was also slightly lower in the 
higher protein samples, possibly due to the partial cellular structure collapse seen in some 
of the highest protein samples, such as 43D and 43E.   
Protein type also had a significant effect on the puffed (F=796.33, p<0.001), 
porous (F=1188.65, p<0.001) and uniformity attributes (F=43.96, p<0.001).  As the 
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amount of soy protein increased in the samples, expansion also increased.  This increased 
expansion is responsible for higher puffed and porous ratings, for the same reasons as 
explained above.  There was no distinct trend seen between the type of protein and 
uniformity.   
There was significant variation between the processing runs for the puffed 
attribute (F=5.77, p<0.05), though the F-value was much lower than those of the 
independent variables.  This is likely due to slight fluctuations in the feed-rate of the dry 
material, which impacts the amount of material in the barrel and therein the in-barrel 
pressure, directly relating to expansion.   
4.4.3 A roma 
Contour plots representing the models generated to predict the values for the 
roasted soy, dog food, buttery and toasted corn aroma attributes are found in Figures 4.1d, 
4.1e, 4.1f and 4.1g, respectively.  The validation terms for the aroma attribute models 
were among the lowest for all descriptive terms, indicating either the variation inherent to 
the evaluation of these attributes or the variation among the samples.  
Protein level and protein type also had an effect on select aroma attributes, though 
should be noted that these results of this study are specific to the sources of whey and soy 
proteins used.  It has been shown that different soy and whey proteins can have slight 
variabilities in the aromas and aromas-by-mouth they impart (Russell and others 2006).   
For roasted soy aroma, neither protein level (F=0.69, p>0.05) nor protein type 
(F=2.32, p>0.05) had a significant effect.  All samples were rated similarly for roasted 
soy aroma, being slightly lower in intensity than the unsalted roasted soy nuts reference.  
This is an unexpected result since the samples vary greatly in their amount of soy protein 
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isolate, so it is possible that the aroma was confusable for another grain aroma, such as 
the toasted corn aroma.  
For dog food aroma, both protein level (F=17.28, p<0.001) and protein type (F= 
29.25, p<0.001) had an effect.  The panel informally described this aroma as sour, 
fermented and sauerkraut-like.  Dog food aroma increased as the total protein level and 
the amount of whey protein in the sample increased. Whey protein was also found to 
impart an off-note aromatic in another study, where meal replacement bars made of 
predominantly whey protein had a cardboard aroma (Childs and others 2007).  There was 
a significant variation between processing runs for dog food aroma (F=5.07, p<0.05).   
For buttery aroma, protein level did not have an effect (F=0.25, p>0.05) but 
protein type did (F=10.02, p<0.001).  Buttery aroma was consistent among samples, but 
was higher in samples with higher amounts of whey protein.  It can be interpreted that the 
whey protein concentrate and isolate were large components of this aroma, but not the 
entire source, as samples made with 100% soy protein were still rated to have a slight 
degree of buttery aroma.   It is possible that the vegetable oil added at a constant level 
across all samples could have accounted for this baseline level of buttery aroma.   
For toasted corn aroma, both protein level (F= 6.76, p<0.001) and protein type 
(F=8.26, p<0.001) had a significant effect.  As protein level increased, the toasted corn 
aroma slightly decreased, likely due to lower amounts of corn meal being in the 
formulations with higher protein samples. No distinct trend between toasted corn aroma 
and protein type was seen, though samples with the most whey protein had the lowest 
intensities.  There was also a significant amount of variation between processing runs for 
toasted corn aroma (F=17.57, p<0.001).  This is likely due to the heat treatment having 
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slight fluctuations from a varying dry feed rate, with the toasted corn aroma being 
affected by having slightly more or less heat in the processing than other aroma 
characteristics.   
4.4.4 Taste 
Contour plots representing the models generated to predict the values for the 
saltiness and sweetness taste attributes are found in Figures 4.1h and 4.1i, respectively.  
For basic taste attributes, protein type had a more significant effect than protein level.  
For saltiness, protein level did not have a significant effect (F=0.22, p>0.05).  Protein 
type did have a significant effect (F=2.53, p<0.05) on saltiness, and while no distinct 
trend was identified, the samples with 100% soy protein were rated the lowest.  These 
samples underwent the highest degrees of expansion, and this highly puffed form may 
effect how saltiness is perceived, since the amount of added salt was uniform for all 
samples.  However, the salt content of the soy protein isolate was less than that of the 
whey protein concentrate (10mg/100g and 180mg/100g, respectively), which may have 
been responsible for the small perceptual differences.   
For sweetness, protein level had a significant effect (F=2.71, p<0.05), though 
there was no distinct trend between protein level and sweetness.  Protein type had a 
significant effect (F=40.93, p<0.001), and there was a clear trend that samples higher in 
whey protein were perceived as sweeter.  This is likely due to the whey protein 
concentrate and isolate containing lactose (5.5 and 3.5g/100g, respectively), likely being 
sweeter than the soy protein isolate. Similar results were found in a study evaluating meal 
replacement bars made from both whey and soy proteins, where samples comprised of 
more whey imparted more sweetness and sweet aromatics  (Childs and others 2007).  
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4.4.5 F lavor (aroma-by-mouth) 
Contour plots representing the models generated to predict the values for the 
toasted corn, roasted soy, cheese, dried creamer and buttery aroma-by-mouth attributes 
are found in Figures 4.1j, 4.1k, 4.1l, 4.1m and 4.1n, respectively.  Aroma-by-mouth 
attributes were significantly affected by both protein type and protein level.  The 
Parmesan cheese flavor was added at a consistent level in all formulations, and was a key 
component of the aroma-by-mouth.  The corn meal also was a major component of 
aroma-by-mouth, but varied in amount, comprising less of the total formulation in the 
higher protein samples.   
For toasted corn aroma-by-mouth, both protein level (F=13.64, p<0.001) and 
protein type (F=44.67, p<0.001) had a significant effect.  As protein level increased, 
toasted corn aroma-by-mouth slightly decreased, likely due to decreasing amounts of 
corn meal.  As the soy protein content increased, toasted corn aroma-by-mouth increased.  
Soy protein may lend toasted grain aromas-by-mouth that are similar and confusable to 
toasted corn.  There was significant variation between processing runs for this attribute 
(F=8.80, p<0.01), likely due to fluctuations in heat treatment as described above.   
For roasted soy aroma-by-mouth, protein level did not have an effect (F=1.69, 
p>0.05) but protein type did (F=22.06, p<0.001).  Predictably, as soy protein content 
increased, roasted soy aroma-by-mouth did as well.  However, the range of roasted soy 
aroma-by-mouth scores between samples with 0% and 100% soy protein added was 5.46 
to 6.80, a smaller range than the toasted corn aroma-by-mouth scores (5.50 to 7.32 for the 
same samples).  This validates the confusability of the two aromas-by-mouth.  Other 
104 
studies have also found that soy protein can be characterized as a cereal or grainy flavor 
(Russell and others 2006; Childs and others 2007).  
For cheese aroma-by-mouth, both protein level (F=13.32, p<0.001) and protein 
type (F=152.22, p<0.001) had a significant effect.  As protein level increased, cheese 
aroma-by-mouth increased as well.  This is likely due to the average sample across all 
types having more whey protein as protein level increased, which has a strong dairy 
aroma-by-mouth, similar to cheese.  As the amount of whey protein increased, so did the 
cheese aroma-by-mouth.  The amount of cheese aroma-by-mouth imparted by the added 
Parmesan cheese flavor was fairly low, as the baseline rating for the samples with no 
whey added was 3.53.  This was to be expected, as previous research has shown that 
flavors added to the formulation prior to the extrusion process can be lost due to thermal 
degradation, oxidation, polymerization or being flashed off with steam during expansion 
(Maga 1992).    The average rating was significantly higher for samples made with 100% 
whey protein, at 8.46, even with the same amount of added Parmesan cheese flavor.    
For dried creamer aroma-by-mouth, both protein level (F=17.70, p<0.001) and 
protein type (F=200.58, p<0.001) had a significant effect.  As protein level increased, 
dried creamer ratings increased.  This is likely due to similar reasons as mentioned above, 
with higher protein samples typically being comprised of more whey, which has a dairy 
aroma-by-mouth highly similar to the dry non-dairy creamer used as a reference.  As 
whey protein increased, dried creamer aroma-by-mouth increased as well.  When looking 
at the effect of protein type, the range of scores for dried creamer aroma-by-mouth nearly 
mirrored the scores for cheese aroma-by-mouth as whey protein increased.  This is 
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further evidence that the perceived cheese aroma-by-mouth was mainly imparted by the 
whey protein ingredients.     
 For buttery aroma-by-mouth, protein level did not have an effect (F=1.28, p>0.05) 
but protein type did (F=79.77, p<0.001).  As whey protein increased, buttery aroma-by-
mouth increased as well.  Buttery aroma-by-mouth is also likely due to the addition of 
whey protein.  However, it may not be as associated strongly as the cheese and dried 
creamer aromas-by-mouth, since there were no significant differences seen between the 
different levels of protein as there was with those aromas-by-mouth.   
 All three of the dairy-related aromas-by-mouth (cheese, dried creamer and butter) 
showed variation between processing runs (F=10.60, 6.70 and 9.42, respectively, p<0.01 
for all).  It is possible fluctuations in heat treatment brought on by varying feed rates 
could have also affected the aroma-by-mouth profile of the whey protein or added 
Parmesan cheese flavor.   
 4.4.6 Texture 
 Contour plots representing the models generated to predict the values for the 
crispy, crunchy, grittiness and toothpack textural attributes are found in Figures 4.1o, 
4.1p, 4.1q and 4.1r, respectively.  Textural attributes of the samples were significantly 
affected by both protein level and protein type.  The attributes evaluated initially were 
crispiness and crunchiness, both of which were instructed to be evaluated during the first 
through third chews.  Crispiness was significantly affected by protein level (F=109.39, 
p<0.001) as well as protein type (F=631.82, p<0.001).  Crispiness was defined as the 
amount of airiness in the first through third chew, and this airiness was highly correlated 
to the amount of expansion created during processing.  This attribute changed as samples 
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varied in expansion, increasing as the total protein level decreased and as the soy protein 
level increased.   
 Crunchiness, defined as the amount of force needed to chew the sample from the 
first through third chew, showed similar effects from protein level (F=10.67, p<0.001) 
and protein type (F=120.41, p<0.001).  Crunchiness increased as protein level increased 
and as whey protein increased, but the effects were not as strong as with the crispiness 
attribute based on the F-values.  Similar results were found in a corn-soy breakfast cereal, 
where samples with increased expansion were found to have less hardness and 
crunchiness (Faller and others 1998).  Opposing results were found by Cheng and others 
(2007), where increasing levels of whey protein isolate decreased the values of their 
DWWULEXWHµKDUGQHVV¶± defined as the force required to completely compress the sample 
with the molar teeth on the first bite down (Cheng and others 2007).  However, this study 
only used levels of 0-18% w/w WPI in formulation, lower than ours, and did not include 
any soy protein which has shown to increase expansion in this study.  This study also 
varied in barrel moisture content at levels higher than what was used in our study, which 
could also affect expansion characteristics.   
 The attributes that described the textural characteristics of the samples 
experienced later in the chew down were grittiness and toothpack, which were instructed 
to be evaluated after the first few chews and after expectoration.  These were the only 
two attributes that showed significant variation between panelist replications, (F=6.4, 
p<0.05 for grittiness and F=10.16, p<0.01 for toothpack), likely due to variation in the 
DPRXQWRIVDOLYDLQHDFKSDQHOLVW¶VPRXWK.DYDQDJKDQGRWKHUV which affect how 
these were perceived 
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Grittiness, defined as the amount and size of noticeable particles that remain 
while chewing and after expectoration, was affected by both protein level (F=9.47, 
p<0.001) and protein type (F=113.80, p<0.001).  As protein level increased, grittiness 
decreased, which is comparable to what was found from &KHQJ¶VZRUN(Cheng and others 
2007).  As the amount of soy protein increased, grittiness increased.  Instrumental testing 
showed water hydration capacity decrease with soy protein addition, which may correlate 
to the particles not dissolving during chew down in these samples.   
Toothpack, defined as the resistance to which the sample is dislodged from teeth 
cavities and surfaces after the first few chews and after expectoration, was not affected by 
protein level (F=0.59, p>0.05), but was affected by protein type (F=3.47, p<0.01).  There 
was no distinct trend, though the highest rated sample was the sample with the most soy 
protein.  This could be explained by similar reasons as explained above with the grittiness 
attribute, where the sample particles may not solubilize as quickly in these samples.   
4.4.7 Correlated Attributes and Principal Components Analysis  
The degree to how much the attributes are correlated to one another is displayed 
in Table 4.9.  Most significant correlations between attributes were due to how groups of 
attributes were characterized by specific protein types.  Many attributes that had high 
values for samples comprised of mainly soy (puffed, toasted corn aroma-by-mouth, 
crispiness, and grittiness) were significantly positively correlated to each other.  These 
attributes also tended to show significant negative correlations to attributes that had high 
values for samples comprised of mainly whey (dog food aroma, buttery aroma, and 
cheese aroma-by-mouth).  Though every term chosen by the panel was thought to be 
independent from each other, this finding indicates that these groups of terms seem to be 
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related in some way such that they vary simultaneously, similarly found in other work 
(Faller and Heymann 1996; Kappes and others 2006; Neely and others 2010).  Attributes 
with few significant correlations to other attributes included uniformity and saltiness, 
neither of which was largely affected by the independent variables.     
The PCA bi-plot is displayed in Figure 4.2.  This is a biplot of principal 
components 1 and 2 of the correlation matrix of mean attribute ratings, which explains 
74.36% of the variation (F1: 61.31%, F2: 13.06%).  Attributes such as dried creamer 
aroma-by-mouth, cheese aroma-by-mouth, toasted corn aroma-by-mouth and crispiness 
were highly loaded onto principal component (PC) 1, while uniformity, grittiness and 
toothpack were highly loaded onto PC2.  Samples are separated by protein type across 
PC1, with samples mainly comprised of soy to the left, and samples mainly comprised of 
whey on the right.  Attributes highly rated in samples made predominantly with whey (A, 
B) were clustered together on the right end of PC1.  The aroma-by-mouth and aroma 
attributes seemed to be most defining characteristics of the whey samples, with buttery, 
cheese and dried creamer aromas-by-mouth located very close to each other on the right 
end of PC1.  It is possible these aromas-by-mouth were confusable, as they all have 
similar dairy characteristics.   
Conversely, attributes highly rated in samples made predominantly with soy (D, 
E) were clustered together on the left end of PC1.  These samples were categorized near 
some aroma-by-mouth attributes (toasted corn, roasted soy), but unlike the whey samples, 
they were also located near multiple textural attributes, namely crispiness and grittiness.    
No distinct trend was found for how the samples or the attributes were loaded 
onto PC2, as the percentage of variation that factor represents is much lower than PC1.  
109 
In analyzing how the samples are arranged, taking into account both PC1 and PC2, the 
samples show an upside-down U-shape, with samples high in soy on the left and samples 
high in whey on the right.  Samples with a mixture of both protein sources are located 
slightly higher on PC2 than the samples with one source, though there are no noticeable 
attributes that are driving this differentiation.   
4.4.8 Correlation to Analytical Measurements 
The degree to which each attribute is correlated to the instrumental measurements 
discussed in chapter 3 is displayed in Table 4.10.  Textural attributes of crispiness and 
crunchiness highly correlated to several instrumental measurements, including bulk 
density, diameter and texture analysis - energy (force x distance).  Crispiness had 
significant correlations to these measurements: negatively with bulk density (-0.95, 
positively with diameter (0.96) and negatively with energy (force x distance) (-0.85).  
Crunchiness also had significant correlations to these instrumental measurements but in 
opposite directions: positively with bulk density (0.86), negatively with diameter (-0.88) 
and positively with texture analysis - maximum force (0.78).  Significant correlations 
between sensory attributes and instrumental measurements determining mechanical 
SURSHUWLHVRIFUXVKLQJIRUFHDQGFULVSQHVVZRUNZDVDOVRIRXQGLQH[WUXGDWHVLQ&KHQJ¶V
work (Cheng and others 2007).  Similar negative correlations between specific density 
and sensory texture characteristics were also found in a study evaluating corn-soy 
breakfast cereals (Faller and others 1998; Lazou and Krokida 2010). 
These three instrumental measures also highly correlated to the puffed and porous 
appearance attributes, with bulk density and texture area correlating negatively and 
diameter correlating positively.  There were also a number of aroma and aroma-by-mouth 
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attributes that significantly correlated to these three measures, though there would seem 
to be no causal relationship.  Samples that showed high expansion were predominantly 
comprised of soy protein as, which was the cause of the aroma and aroma-by-mouth 
differences. The instrumental measurement of texture analysis ± maximum force did not 
significantly correlate to any of the sensory derived texture attributes, which further 
YDOLGDWHVWKLVPHDVXUHPHQW¶VLQDELOLW\WRSURGXFHFRQVLVWHQW data in this type of snack 
application, as discussed previously.    
4.4.9 Consumer Acceptance Testing Results 
 The demographic characteristics of the consumer acceptance panel are outlined in 
Table 4.11.  The vast majority of the panelists, 78%, were identified as people who snack 
at least once a day, which means they would likely be familiar with similar types of 
extruded snack foods.   
Most panelists felt that high protein content was at least somewhat important in 
the snack foods they choose (65%), and nearly all felt it was at least somewhat important 
to incorporate an adequate amount of protein diet in their overall diet (97%).  This trait 
GLGQRWKROGDVPXFKDVLPSRUWDQFHLQWKHSDQHOV¶PLQGVDVDVQDFNIRRGQHHGLQJWREH
low in fat, which 96% felt was at least somewhat important.   
 In terms of perception of high protein diets, most of the panelists (80%) felt that a 
high protein diet should incorporate between 20 and 40% of their calories from protein.  
The benefits most associated with a high protein diet by the panel were increased lean 
body mass (67%), being satiated and suppressing hunger (66%) and improving recovery 
from exercise (59%).  The risks most associated with a high protein diet by the panel 
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were not consuming enough fruits and vegetables (50%), high cholesterol (41%), not 
consuming enough fiber (36%) and an excessive intake of saturated fats (36%).   
 In terms of protein supplement products, the majority of the panel was only 
familiar with bar products, specifically high protein breakfast bars (71%) and high 
protein sports bars (52%).  Less of the panel had consumed protein powders for shakes or 
drinks (47%) or high protein cereals (39%), which were products most likely to have 
similarity to the samples evaluated in the study.   
 4.4.10 Mean Acceptance Ratings  
 Average liking score results for each protein type, averaged across all protein 
levels are shown in Table 4.12a.  The results showed a small range of scores around the 
neutral point of the scale (5 on the 9-point hedonic scale).  There were significant 
differences between protein types, with samples comprised of at least 50% soy protein (C, 
D, E) being the most liked.  As more whey was incorporated, the liking scores decreased.  
However, the trend was not distinct, as samples with 75% whey (B) had significantly 
lower liking scores than samples with 100% whey (A).  Since most samples were 
comprised of a mixture of protein sources, it is difficult to compare these results to other 
studies, most of which have only evaluated samples supplemented with one protein 
source (Matthey and Hanna 1997; Onwulata and others 2001; Brncic and others 2008; de 
Mesa and others 2009).  For instance, a study on broken-rice based extrudates showed 
that increasing soy protein isolate content decreased liking scores (Sriwattana and others 
2008).   
Results for samples averaged for each level of total protein, averaged across all 
types, are shown in Table 4.12b.  These liking scores also show a small range around the 
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neutral part of the scale.  Increasing protein level did not show a noticeable trend on 
liking scores, as samples with 28% and 38% had the highest liking scores, with 33% 
samples being liked significantly lower than those.  The samples with the highest amount 
of protein, 43%, had significantly lower liking scores.   The range of scores in averaged 
protein levels (4.53 to 5.32) was slightly larger than the range of scores in averaged 
protein types (4.64 to 5.23), but since both ranges of scores were less than one point it is 
hard to say either independent variable had a noticeably larger effect. 
Results for individual sample averages are shown in Table 4.12c.  The range of 
liking scores for all samples is larger than when averaging protein level or protein type 
(3.70 - 43B to 5.91 - 28C).  Samples with the highest liking ratings were 28C and 38D.  
Most of the trends discussed above for protein level and protein type averages are seen in 
the individual sample ratings, with samples comprised of at least 50% soy protein being 
the most liked, and samples with 43% total protein being the least liked.   
4.4.11 C luster Analysis  
All of the panelists were grouped into four preference segments by their overall 
acceptance ratings using AHC.  The dendrogram of how they were clustered is shown in 
Figure 4.3.  The mean ratings for each preference cluster are shown in Table 4.13, and 
ratings averaged by protein level and protein type are shown in Figures 4.4a and 4.4b, 
respectively.  Cluster 1, comprised of 34 panelists, had moderately low acceptance scores 
VLPLODUWRWKHHQWLUHSDQHO¶VDYHUDJHZLWKPHDQVFRUHVUDQJLQJIURPWR7KLV
group showed a slight preference towards samples comprised of mainly whey protein, 
and similar preferences for various protein levels.  Cluster 2, comprised of 13 panelists 
was the smallest cluster, and had a much wider range of acceptance scores ranging from 
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1.5 to 6.8.  This group showed a much larger preference for samples comprised mainly of 
soy protein, and a slight preference for samples lower in total protein.  Cluster 3, 
comprised of 31 panelists, showed slightly higher average acceptance scores for the 
samples, with a range from 3.4 to 6.6.  This group also showed a preference towards 
samples comprised mainly of soy protein, but were more accepting than cluster 2 of 
samples comprised of mainly whey protein.   Cluster 4, comprised of 22 panelists, had 
the highest overall acceptance ratings, ranging from 5.3 to 7.2.  This group showed a 
slight preference towards samples comprised mainly of whey protein, and showed the 
lowest decrease in preference for the samples highest in total protein.  
In choosing samples that would be acceptable for all clusters, levels of total 
protein up to 38% are acceptable, with all of the clusters showing a drop in acceptance 
ratings for samples comprised of 43% protein.  Two of the clusters (1 and 4) had the 
highest preferences for samples comprised mainly of whey, and the other two (2 and 3) 
had higher scores for samples comprised mainly of soy.  However, samples comprised 
mainly of soy had an average rating above the neutral point for 3 out of the 4 clusters (2, 
3 and 4), so this type of protein is acceptable for a larger number of consumers, though 
there are panelists in certain clusters that prefer whey protein.   
These results are typical of other studies using cluster analysis, where certain 
clusters will be more or less affected by differences in sensory characteristics of products 
(Resano and others 2010; Bayarri and others 2011; Yoon and others 2011) .  Bayarri 
found distinct clusters of yogurt consumers in which some varied liking ratings due to 
changes in sensory characteristics and others did not, similar to our study where cluster 
¶VDFFHSWDQFHVFRUHVZHUHODUJHO\HIIHFWHGE\WKHFKDUDFWHULVWLFFKDQJHVE\YDU\LQJ
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SURWHLQW\SHDQGFOXVWHU¶VDFFHSWDQFHVFRUHVVKRZHGPLQLPDOHIIHFWIURPFKDQJLQJ
protein type.   
 4.4.12 Internal Preference Map 
 Individual preferences of the panelists were analyzed by internal preference 
PDSSLQJVKRZQLQ)LJXUH7KLVPHWKRGLGHQWLILHVLQGLYLGXDOSDQHOLVW¶VSUHIHUHQFHV
by mapping their location nearest to samples they rated highest.  This offers a different 
perspective on the overall liking score results compared to averaging scores each sample, 
or across protein level and protein type.  The factor scores explain the amount of the 
variation in the data set that is explained by that axis on the bi-plot (F1 for x-axis, F2 for 
y-axis).  In this plot, factor 1 accounts for 25.11% of the variation, and factor 2 accounts 
for 12.75% of the variation, with the bi-plot accounting for 37.86% of the total variation.  
Samples are grouped along factor 1 (F1) on the plot by their protein type, with samples 
high in whey on the left end of F1 and samples high in soy on the right end of F2.  There 
is a less noticeable trend with protein level, except that some of the higher protein 
samples are more towards the bottom of the F2.   
Consumer preferences are widely spread across the plot, especially across F1.  
The samples with no consumers mapped nearby are 43A, 43B and 43C, which have the 
highest amount of total protein and high amounts of whey protein.  These extremes have 
been strongly correlated to specific descriptive attributes, which will be discussed below 
in the external preference map section.   
There are not any distinct clusters of consumers, so much as a wide spread 
ranging from the top left to the top right corners of the plot.  This would suggest there are 
a wide variety of preferences among the consumers tested for samples made of various 
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protein types.  This should not be confused with a bi-polar liking pattern, which would be 
where all panelists fall into distinct groups liking samples comprised of either completely 
soy or completely whey. There are panelists who have strong preferences for a certain 
protein type, but there are also many that show preference to samples comprised of a 
mixture of both protein sources. This wide variety of preferences could explain the small 
UDQJHRIVFRUHVVHHQZKHQDYHUDJLQJDOOSDQHOLVWV¶GDWDWRJHWKHUDVGLVFXVVHGDERYHLQ
the mean acceptance results and AHC sections.  
4.4.13 Modeling 
Overall liking scores obtained from the consumer panel were used to generate a 
response surface model in the same method used for the descriptive analysis attribute 
scores.  The model generated a constant score of 5.10, with increasing the total protein 
level and increasing percent whey detracting from that constant score in their linear terms.  
The only term that added to the constant score was the quadratic term for percent whey.   
The validation terms for this model were fairly low, with an R2 value of 0.47, a 
similar case as seen above in the internal preference map. The overall acceptance score 
has high variability due to the variance in different consumers preferences, as outlined in 
the above internal preference map section, which would explain the inability for the 
model to predict scores with the accuracy seen in models for instrumental measurements 
and descriptive analysis attributes.     
The contour plot generated for the model is shown in Figure 4.6 and reiterates the 
learnings from both of the above sections, with the lowest liking ratings resulting from 
samples with the highest total protein content and whey protein content.  The plot 
suggests that to design a product that will reach above the neutral point of 5 on the 9-
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point hedonic scale, either protein type can be used so long as it is below approximately 
34% total protein, and up to approximately 41% total protein can be used so long as it is 
composed of entirely soy.   
 4.4.14 External Preference Map and Drivers of L iking 
 The external preference map is shown in Figure 4.7.  In this plot, F1 accounts for 
a high amount of the variation (61.31%) and separates samples by protein type, with 
samples mainly comprised of soy being placed to the left and samples mainly comprised 
of whey being placed to the right.  There is no obvious trend as to how samples are being 
separated out by F2, which only accounts for 13.06% of the variation.  This plot shows 
no distinct clusters around any particular sample or attribute, as there are a wide variety 
of personal preferences among the panelists.   
 One finding is the majority of panelists are found near samples with protein types 
ranging from B-D, comprising of a mix of the two protein types, with few panelists near 
A or E samples, comprised entirely of one protein type.  Samples 28E, 33E, 38E, 43B 
DQG$DOODUHORDGHGQHDUWKHERWWRPRI)DFWRUDZD\IURPPRVWSDQHOLVWV¶LGHDO
locations.  These samples represent the extremes in high and low expansion, suggesting 
the majority of panelists prefer samples within these limits.   
 There are many possible drivers of liking for panelists preferring samples mainly 
comprised of soy.  Among these are toasted corn aroma-by-mouth, roasted soy aroma-by-
mouth, puffed and porous appearance and crispiness.  There are also many possible 
drivers of liking for panelists preferring samples mainly comprised of whey.  Among 
those are buttery aroma-by-mouth, sweetness and crunchiness.   
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4.5 Conclusions 
In summary, the major findings identified by the descriptive panel were increased 
total protein level resulted in: lower puffed and porous appearance, higher dog food 
aroma, lower toasted corn aroma-by-mouth, higher cheese and dried creamer aroma-by-
mouth, less crispiness and less grittiness.  The major findings identified with increasing 
soy protein in relation to whey protein included: a more puffed and porous appearance, 
lower dog food and buttery aroma, less sweetness, higher toasted corn and roasted soy 
aromas-by-mouth, lower cheese, dried creamer and butter aromas-by-mouth, higher 
crispiness and grittiness and lower crunchiness.  Many of the attributes generated by the 
descriptive panel are characterized by samples based on the type of protein they are 
mainly comprised of, shown in the PCA plot.   
Analyzing the mean acceptance ratings for all samples shows there is a small 
range of liking scores, slightly increased by having a lower total protein content and a 
higher soy protein content.  However, upon further analysis with response surface 
modeling, internal and external preference mapping, there seems to be a much wider 
variety of preferences among the panel.  This speaks to the large differences in the 
samples, quantitatively outlined in the descriptive panel.  In the future, many of these 
samples could be the base for development of a highly accepted product.
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4.7  Tables and F igures 
 
Table 4.1.  4-by-5 experimental design of high protein extruded snacks and 
corresponding formulation names 
 
Protein Level 
(% w/w) 
Protein Type (Ratio of whey to soy protein in formulation) 
A (100:0) B (75:25) C (50:50) D (25:75) E (0:100) 
28 28A 28B 28C 28D 28E 
33 33A 33B 33C 33D 33E 
38 38A 38B 38C 38D 38E 
43 43A 43B 43C 43D 43E 
 
28, 33, 38 and 43 refer to the total protein level, while A, B, C , D and E refer to the ratio 
of whey to soy protein, being 100:0, 75:25, 50:50, 25:75 and 0:100, respectively. 
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Table 4.2.  Ingredient compositions of high protein extruded snack foods.  Formulation names refer to those described in Table 1 
 
 
 
 
Ingredients (% w/w) 28A 28B 28C 28D 28E 33A 33B 33C 33D 33E 
Corn Meal 66.62 66.62 66.62 66.62 66.62 60.60 60.60 60.60 60.60 60.60 
WPI 95 17.36 12.99 8.68 4.31 0.00 21.33 16.01 10.64 5.32 0.00 
WPC 80 8.56 6.45 4.23 2.17 0.00 10.62 7.95 5.34 2.67 0.00 
SPI 90 0.00 6.48 12.96 19.45 25.93 0.00 7.99 15.97 23.96 31.95 
Salt 2.95 2.95 2.95 2.95 2.95 2.95 2.95 2.95 2.95 2.95 
Sucralose 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 
Oil 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 
Parmesan F lavor 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
           
Ingredient (% w/w) 38A 38B 38C 38D 38E 43A 43B 43C 43D 43E 
Corn Meal 54.57 54.57 54.57 54.57 54.57 48.55 48.55 48.55 48.55 48.55 
WPI 95 25.31 18.92 12.65 6.30 0.00 25.43 19.07 12.73 6.35 0.00 
WPC 80 12.67 9.57 6.34 3.20 0.00 18.56 13.93 9.27 4.65 0.00 
SPI 90 0.00 9.49 18.99 28.48 37.98 0.00 11.00 22.00 33.00 44.00 
Salt 2.95 2.95 2.95 2.95 2.95 2.95 2.95 2.95 2.95 2.95 
Sucralose 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 
Oil 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 
Parmesan F lavor 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
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Table 4.3. Descriptive terms, and associated references as generated by a trained descriptive panel evaluating high protein snack 
foods. Taste modality references were prepared with spring water as a solvent. 
 
Modality Term Reference Product Reference Preparation 
Appearance Puffed Kix Cereal (General Mills, Inc.; Golden Valley, MN) 7 pieces cereal in 2 oz. cup 
 Porous Meijer Pork Rinds (Meijer; Grand Rapids, MI) 1 pork rind broken in half in 2 oz. cup 
 Uniformity Puffed rice 8-10 pieces puffed rice in 2 oz. cup 
Aroma Roasted Soy Unsalted roasted soy nuts (Meijer; Grand Rapids, MI) 1 unsalted roasted soy nut in 1oz cup  
 Dog Food Meijer Bulk 16% Moisture Dog Food (Meijer; Grand 
Rapids, MI) 
2 oz. cup with 3 pieces Meijer bulk 16% moisture 
dog food 
 Buttery O-Ke-Doke Buttered Popcorn (Jays Foods Inc.; Chicago, 
IL) 
2 oz. cup with 1 piece buttered popcorn 
 Toasted corn Planters Corn Nuts (Kraft Foods Inc.; Northfield, IL) 1 small corn nut in 2oz cup 
Taste Salty Salt Solution  0.3g salt with 250 mL cold water 
 Sweet Sucrose Solution 1.0g sugar with 250mL cold water 
Aroma-by-
mouth 
Toasted Corn Kellogg's Corn Flakes (Kellogg Co.; Battle Creek, MI) 12 pieces Kellogg's corn flakes cereal in 2 oz. cup, 
evaluated 3 at a time 
 Roasted Soy Unsalted roasted soy nuts (Meijer; Grand Rapids, MI) 3 unsalted roasted soy nuts in 1 oz. cup, evaluated 
1 at a time 
 Cheese O-Ke-Doke White Cheddar Popcorn (Jays Foods Inc.; 
Chicago, IL) 
2 oz. cup with 3 pieces buttered popcorn, evaluated 
1 at a time  
 Dried Creamer Coffeemate original non-dairy creamer powder (Nestle; 
Vevey, Switzerland) 
2 teaspoons powder in 1 oz. cup 
 Buttery O-Ke-Doke Corn Puffs (Jays Foods Inc.; Chicago, IL) 2 oz. cup with 3 pieces corn puffs, evaluated 1 at a 
time 
Texture Crispy Meijer Pork Rinds (Meijer; Grand Rapids, MI) 1 pork rind broken in half in 2 oz. cup 
 Crunchy Kashi Heart 2 Heart Puffs (Kellogg Co.; Battle Creek, 
MI) 
5 puffs in 2 oz. cup 
 Gritty Yellow corn meal (Quaker Oats Company; Chicago, IL) 1/2 teaspoon in 1 oz. cup 
 Toothpack Nabisco Ritz Crackers (Kraft Foods Inc.; Northfield, IL) 2 oz. cup filled with 2 Ritz crackers, evaluated 1/3 
at a time 
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Table 4.4. Descriptive terms, verbal definitions, and intensities of associated references as developed by a trained descriptive panel 
evaluating high protein snack samples.  Reference intensities were determined by panel consensus on a 16-point scale, 
with standard deviations among DOOSDQHOLVWV¶UHIHUHQFHUDWLQJVRYHUWKUHHVHVVLRQVVKRZQ 
 
Modality Term Definition 
Reference 
Intensity 
Standard 
Deviation 
Appearance Puffed The degree of density 9.4 1.91 
 Porous The degree of presence of air pockets on the surface and/or throughout 12.7 1.07 
 Uniformity The overall consistency in appearance between pieces 10.0 1.83 
     
Aroma Roasted Soy The aroma associated with roasted soy 11.4 2.02 
 Dog Food The aroma associated with dog food 12.2 2.33 
 Buttery The aroma associated with butter 12.7 1.53 
 Toasted corn The aroma associated with toasted corn 12.4 1.90 
     
Taste Salty The degree of salty taste 8.9 2.56 
 Sweet The degree of sweet taste 8.3 2.21 
     
Aroma-by-
mouth 
Toasted Corn The aroma-by-mouth associated with roasted soy 11.4 2.10 
Roasted Soy The aroma-by-mouth associated with toasted corn 11.9 2.57 
 Cheese The aroma-by-mouth associated with cheese 11.3 2.11 
 Dried Creamer The aroma-by-mouth associated with non-dairy creamer 10.9 2.36 
 Buttery The aroma-by-mouth associated with butter 11.4 2.10 
     
Texture Crispy The amount of airiness felt during the first through third chew 12.4 1.20 
 Crunchy The amount of force to break the sample during the first through third chew 9.6 1.57 
 Gritty The amount and size of noticeable particles that remain while chewing and after 
expectoration 
11.9 1.80 
 Toothpack The resistance to which the sample is dislodged from teeth cavities and surfaces 
after the first few chews and after expectoration 
10.0 1.90 
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Table 4.5.  Coefficients for models generated predicting descriptive analysis attribute 
values and 9-point hedonic scale responses 
A ttribute 
 
Constant 
(a) 
Protein 
Level 
(b) 
Percent 
Whey 
(c) 
Pro*Pro 
(d) 
Per*Per 
(e) 
Pro*Per 
(f) 
Puffed 8.22 -1.11 -2.43 -0.65 0.86 0.01 
Porous 5.53 -0.93 -3.07 -0.40 1.56 -0.09 
Uniformity 8.94 -0.21 0.05 0.05 -1.03 1.06 
       
Roasted Soy Aroma 7.15 -0.09 -0.16 -0.02 -0.10 -0.25 
Dog Food Aroma 6.19 0.50 0.82 0.19 0.07 0.37 
Buttery Aroma 5.51 -0.01 0.42 0.06 0.06 0.25 
Toasted Corn 
Aroma 5.39 -0.23 -0.23 -0.12 -0.10 -0.13 
       
Salty 8.46 -0.04 0.07 0.01 -0.20 -0.19 
Sweet 5.88 -0.01 0.74 0.09 0.03 0.17 
       
Toasted Corn 
Aroma-by-mouth 6.66 -0.32 -0.74 -0.20 -0.04 -0.15 
Roasted Soy Aroma-
by-mouth 6.59 0.12 -0.52 0.05 -0.27 -0.22 
Cheese Aroma-by-
mouth 5.58 0.46 1.83 0.11 0.16 0.20 
Dried Creamer 
Aroma-by-mouth 5.33 0.43 1.72 0.07 0.05 0.33 
Buttery Aroma-by-
mouth 5.35 0.05 1.11 0.02 0.09 0.17 
       
Crispy 7.20 -0.87 -2.61 -0.46 1.08 0.03 
Crunchy 8.51 0.10 0.99 0.32 -1.12 -0.38 
Gritty 6.76 -0.33 -1.36 -0.05 -0.13 0.20 
Toothpack 7.33 0.06 -0.15 -0.01 0.26 -0.06 
Consumer Liking  5.10 -0.23 -0.17 -0.11 0.01 -0.13 
Models are set up as the dependent measure equaling the constant score plus each term.  Protein level and 
percent whey are linear terms, with each coefficient being multipled against the decimal of the protein level 
(x) (0.28 to 0.43) or percent whey (y) (0.00 to 1.00).  Pro*Pro refers to the quadratic term for protein level, 
Per*Per refers to the quadratic term for percent whey and Pro*Per refers to the interaction term between 
both variables.  For example, a typical equation would be represented below: 
 
ݕ݈݅݁݀ ൌ ܽ ൅ ܾሺݔሻ ൅ ܿሺݕሻ ൅ ݀ሺݔଶሻ ൅ ݁ሺݕଶሻ ൅ ݂ሺݔݕ)
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Table 4.6.  Validation terms for models generated to predict descriptive analysis attribute 
values and 9-point hedonic scale responses 
 
A ttribute 
 
R2 R2 Adj . Q2 
Puffed 0.91 0.88 0.78 
Porous 0.94 0.92 0.82 
Uniformity 0.74 0.65 0.45 
    
Roasted Soy Aroma 0.55 0.39 0.26 
Dog Food Aroma 0.82 0.76 0.67 
Buttery Aroma 0.79 0.71 0.59 
Toasted Corn Aroma 0.44 0.25 0.07 
    
Salty 0.51 0.34 0.21 
Sweet 0.83 0.78 0.71 
    
Toasted Corn Aroma-by-mouth 0.89 0.85 0.80 
Roasted Soy Aroma-by-mouth 0.88 0.83 0.71 
Cheese Aroma-by-mouth 0.97 0.96 0.85 
Dried Creamer Aroma-by-mouth 0.95 0.94 0.88 
Buttery Aroma-by-mouth 0.96 0.94 0.84 
    
Crispiness 0.95 0.93 0.85 
Crunchiness 0.83 0.77 0.70 
Gritty 0.90 0.86 0.77 
Toothpack 0.59 0.44 0.30 
Consumer Liking  0.46 0.27 0.23 
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Table 4.7.   Analysis of variance table for 18 attributes describing 20 high protein snack samples.  Rep = Judge replication,  Pro. Level 
= Protein Level, Pro. Type = Protein Type, Proc. Rep = Processing replication, and *, ** and *** indicate significance at 
5%, 1% and 0.1%, respectively. 
 
Modality Term Rep Judge Pro. Level Pro. Type Proc. Rep 
Appearance Puffed 0.80  19.74 *** 275.44 *** 796.33 *** 5.77 * 
 Porous 0.00  37.23 *** 145.36 *** 1188.65 *** 1.33  
 Uniformity 2.76  29.35 *** 5.50 ** 43.96 *** 0.60  
            
Aroma Roasted Soy  0.01  33.57 *** 0.69  2.32  2.24  
 Dog Food  2.38  35.76 *** 17.28 *** 29.25 *** 5.07 * 
 Buttery  3.73  42.26 *** 0.25  10.02 *** 0.00  
 Toasted Corn  1.92  83.51 *** 6.76 *** 8.26 *** 17.57 *** 
            
Taste Salty 0.12  48.97 *** 0.22  2.53 * 0.45  
 Sweet 0.48  137.74 *** 2.71 * 40.93 *** 0.53  
            
Aroma-by-
mouth 
Toasted Corn  2.17  89.66 *** 13.64 *** 44.67 *** 8.80 ** 
Roasted Soy  0.00  36.93 *** 1.69  22.06 *** 2.39  
 Cheese  2.84  35.18 *** 13.32 *** 152.22 *** 10.60 ** 
 Dried Creamer  0.78  45.71 *** 17.70 *** 200.58 *** 6.70 ** 
 Buttery  0.14  39.81 *** 1.28  79.77 *** 9.42 ** 
            
Texture Crispy 0.18  48.56 *** 109.39 *** 631.82 *** 3.76  
 Crunchy 0.02  29.58 *** 10.67 *** 120.41 *** 0.06  
 Gritty 6.40 * 52.69 *** 9.47 *** 113.80 *** 0.30  
 Toothpack 10.16 ** 13.91 *** 0.59   3.47 ** 5.86 * 
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Table 4.8a.  Mean intensity ratings for significant attributes of 20 high protein extruded snack foods, categorized by protein level, 
averaged across all protein types, determined by a trained descriptive panel.  Superscripts of the same letter within an 
DWWULEXWHLQGLFDWHQRVLJQLILFDQWGLIIHUHQFHE\)LVKHU¶V/HDVW6LJQLILFDQW'LIIHUHQce test at a level of 5%.  For sample 
descriptions, 28, 33, 38 and 43 indicate total protein level (% w/w) in a sample. 
 
 
 
 
 
 
 
A roma-by-mouth 
  
Texture 
Protein 
Level 
Toasted 
Corn  Roasted Soy  Cheese  
Dried 
C reamer  Buttery  
  
C rispy C runchy G ritty Toothpack 
28% 6.73 a 6.23 b 5.35 c 4.97 c 5.47 a 
  
8.72 a 7.78 b 6.97 a 7.50 a 
33% 6.59 a 6.33 ab 5.52 c 5.12 c 5.29 a 
  
8.10 b 7.75 b 6.83 a 7.46 a 
38% 6.56 a 6.35 ab 6.00 b 5.68 b 5.62 a 
  
8.19 b 7.27 c 6.43 b 7.70 a 
43% 5.80 b 6.60 ab 6.53 a 6.05 a 5.52 a 
  
6.15 c 8.25 a 6.12 b 7.60 a 
 
Appearance 
 
A roma 
 
Taste   
Protein 
Level Puffed Porous Uniformity 
 
Roasted 
Soy  Dog Food  Buttery  
Toasted 
Corn  
 
Salty Sweet 
28% 9.58 a 7.66 a 8.27 a 
 
7.15 a 5.84 c 5.53 a 5.44 a 
 
8.35 a 6.16 a 
33% 8.82 b 7.00 b 8.25 a 
 
7.06 a 6.35 bc 5.48 a 5.23 a 
 
8.28 a 5.75 b 
38% 9.02 b 6.89 b 7.68 b 
 
7.03 a 6.25 bc 5.39 a 5.31 a 
 
8.26 a 6.12 a 
43% 6.28 c 4.98 c 7.84 b 
 
6.89 a 7.34 a 5.53 a 4.74 b 
 
8.22 a 6.00 ab 
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Table 4.8b.  Mean intensity ratings for significant attributes of 20 high protein extruded snack foods, categorized by protein type, 
averaged across all protein levels, determined by a trained descriptive panel.  Superscripts of the same letter within an 
DWWULEXWHLQGLFDWHQRVLJQLILFDQWGLIIHUHQFHE\)LVKHU¶V/HDVW6LJQLILFDQW'LIIHUHQFHWHVt at a level of 5%.  For protein 
type sample descriptors, A = 100% whey to 0 % soy, B = 75:25, C = 50:50, D = 25:75 and E = 0:100. 
 
 
Appearance 
 
A roma 
 
Taste   
Protein 
Type Puffed Porous Uniformity 
 
Roasted 
Soy  Dog Food  Buttery  
Toasted 
Corn  
 
Salty Sweet 
A 5.68 e 3.58 e 6.99 c 
 
6.75 b 7.55 a 6.01 a 4.93 cd 
 
8.23 ab 7.09 a 
B 6.69 d 4.23 d 8.84 a 
 
6.88 b 7.25 a 5.73 a 4.70 d 
 
8.30 ab 6.42 b 
C 7.77 c 5.54 c 8.85 a 
 
7.10 ab 6.21 b 5.66 a 5.35 ab 
 
8.57 a 6.13 b 
D 9.11 b 7.03 b 8.34 b 
 
7.34 ab 5.78 bc 5.19 b 5.67 ab 
 
8.32 ab 5.37 c 
E 12.87 a 12.79 a 7.04 c 
 
7.09 ab 5.43 c 4.82 b 5.26 bc 
 
7.97 b 5.05 c 
 
 
A roma-by-mouth 
 
Texture 
Protein 
Type 
Toasted 
Corn  
Roasted 
Soy  Cheese  
Dried 
C reamer  Buttery  
 
C rispy C runchy G ritty Toothpack 
A 5.50 c 5.46 c 8.46 a 7.72 a 7.03 a 
 
5.12 e 8.05 c 4.45 e 7.59 ab 
B 5.52 c 5.99 b 7.21 b 6.95 b 6.35 b 
 
5.57 d 9.17 a 6.06 d 7.36 b 
C 6.71 b 6.69 a 5.62 c 5.36 c 5.38 c 
 
7.02 c 8.47 b 6.52 c 7.24 b 
D 7.04 ab 6.95 a 4.42 d 3.97 d 4.52 d 
 
8.64 b 7.89 c 7.50 b 7.63 ab 
E 7.32 a 6.80 a 3.53 e 3.26 e 4.11 e 
 
12.60 a 5.24 d 8.42 a 8.00 a 
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Table 4.9.  Correlation matrix of descriptive analysis attributes.  Values in bold are different from 0 with a significance level 
alpha=0.05. For attributes, A=aroma and F=flavor (aroma-by-mouth). 
Variables Puffed Porous Uniformity 
Roasted 
soy A 
Dog 
food 
A 
Buttery 
A 
Toasted 
corn A Salty Sweet 
Roasted 
Soy F 
Toasted 
corn F 
Creamer 
F 
Cheese 
F 
Buttery 
F Crispy Crunchy Gritty 
Tooth
pack 
Puffed 1                                   
Porous 0.96 1 
                
Uniformity -0.15 -0.19 1 
               
Roasted soy A 0.38 0.32 -0.32 1 
              
Dog food A -0.76 -0.72 0.25 -0.58 1 
             
Buttery A -0.68 -0.73 0.43 -0.62 0.73 1 
            
Toasted corn A 0.49 0.40 -0.08 0.58 -0.63 -0.32 1 
           
Salty -0.17 -0.27 -0.31 0.24 -0.22 -0.06 0.09 1 
          
Sweet -0.69 -0.76 0.03 -0.51 0.68 0.78 -0.39 0.12 1 
         
Roasted soy F 0.44 0.48 -0.13 0.51 -0.65 -0.71 0.29 0.20 -0.80 1 
        
Toasted corn F 0.85 0.81 -0.15 0.58 -0.92 -0.73 0.68 0.07 -0.75 0.69 1 
       
Creamer F -0.85 -0.86 0.10 -0.57 0.84 0.81 -0.58 0.03 0.90 -0.77 -0.93 1 
      
Cheese F -0.86 -0.86 0.07 -0.50 0.86 0.78 -0.50 0.00 0.87 -0.80 -0.93 0.98 1 
     
Buttery F -0.78 -0.81 0.09 -0.54 0.76 0.81 -0.47 0.09 0.91 -0.86 -0.87 0.96 0.96 1 
    
Crispy 0.97 0.99 -0.14 0.31 -0.75 -0.71 0.49 -0.24 -0.76 0.49 0.85 -0.88 -0.88 -0.82 1 
   
Crunchy -0.78 -0.83 0.19 0.09 0.43 0.42 -0.26 0.42 0.47 -0.17 -0.56 0.56 0.56 0.51 -0.84 1 
  
Gritty 0.81 0.83 0.24 0.33 -0.65 -0.62 0.36 -0.30 -0.84 0.65 0.77 -0.88 -0.90 -0.88 0.83 -0.53 1 
 Toothpack 0.46 0.54 -0.46 0.02 -0.17 -0.46 -0.03 -0.30 -0.31 0.24 0.28 -0.35 -0.35 -0.38 0.51 -0.57 0.35 1 
          
130    
 
Table 4.10.  Correlation matrix of descriptive analysis attributes to instrumental measurements.  Values in bold are different from 0 with a 
significance level alpha=0.05. For attributes, A=aroma and F=flavor (aroma-by-mouth) 
  
 
 Puffed Porous Uniform 
Roasted 
Soy A 
Dog 
Food A 
Buttery 
A 
Toasted 
Corn A Salty Sweet 
Roasted 
Soy Fl 
Toasted 
Corn Fl 
Creamer 
Fl 
Cheese 
Fl 
Buttery 
Fl Crispy Crunchy Gritty 
Tooth 
pack 
Bulk Density -0.92 -0.92 0.29 -0.31 0.78 0.67 -0.54 0.13 0.69 -0.49 -0.84 0.80 0.79 0.72 -0.95 0.86 -0.68 -0.50 
Diameter 0.91 0.97 -0.29 0.23 -0.66 -0.73 0.33 -0.30 -0.70 0.42 0.74 -0.79 -0.78 -0.74 0.96 -0.88 0.73 0.60 
Texture Area -0.76 -0.85 0.07 -0.09 0.54 0.63 -0.22 0.41 0.72 -0.61 -0.68 0.77 0.79 0.83 -0.84 0.78 -0.80 -0.51 
Texture Max 
Force -0.12 -0.21 0.03 -0.06 0.06 0.28 0.08 0.09 0.58 -0.50 -0.15 0.36 0.35 0.48 -0.19 0.14 -0.34 -0.09 
L* -0.12 -0.06 0.00 -0.02 0.44 -0.13 -0.50 -0.24 -0.07 0.17 -0.31 0.12 0.10 -0.06 -0.14 0.16 0.04 0.26 
a* -0.52 -0.59 0.03 -0.28 0.24 0.62 0.09 0.33 0.59 -0.56 -0.37 0.56 0.60 0.67 -0.54 0.33 -0.69 -0.54 
b* 0.41 0.28 0.29 0.21 -0.48 -0.02 0.44 0.20 -0.11 -0.04 0.43 -0.33 -0.33 -0.15 0.32 -0.04 0.34 -0.31 
WHC 0.20 0.06 0.13 0.10 -0.35 0.21 0.41 0.28 0.13 -0.21 0.28 -0.07 -0.09 0.10 0.11 0.04 0.04 -0.35 
Aw 0.56 0.58 0.39 0.19 -0.34 -0.45 0.25 -0.54 -0.61 0.33 0.43 -0.52 -0.53 -0.55 0.59 -0.42 0.73 0.16 
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Table 4.11.  Demographic information and consumption habits of consumer test panelists.   
 
Category Response % of 
Respondents 
Age Under 18 1 
 18-25 56 
 26-35 26 
 36-45 8 
 46-55 5 
 56-65 4 
 Over 65 0 
   
Gender Male 24 
 Female 76 
   
Ethnicity American Indian/Alaskan Native 0 
 Asian 28 
 African American 1 
 Caucasian 62 
 Hispanic 9 
 Native Hawaiian/Pacific Islander 0 
   
Approximately how often do you snack in 
between meals? 
More than once a day 42 
Once a day 36 
Once every few days 15 
 Once a week 0 
 Seldom 7 
 Never 0 
   
How important is high protein content in the 
snack foods you consume? 
Very important 18 
Somewhat important 47 
 Indifferent 35 
   
How important is low fat content in the snack 
foods you consume? 
Very important 48 
Somewhat important 47 
 Indifferent 4 
   
How important is making sure your overall diet 
includes an adequate amount of protein? 
Very important 66 
Somewhat important 31 
 Indifferent 3 
   
Which of the following benefits do you 
associate with a high protein diet? (Check all 
that apply) 
Loss of body fat 31 
Can reduce the risk of obesity 23 
Increased lean body mass 67 
 Cardiovascular benefits 11 
 Being satiated/suppressing hunger 66 
 Improved recovery from exercise 59 
 Increasing ones metabolism 17 
 Other 8 
 None 0         
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   Table 4.11 (cont.)   
 
 
What are some risks you associate with a high 
protein diet? (Check all that apply) 
 
 
High cholesterol 
 
 
41 
Heart disease 25 
 Osteoporosis 3 
 Kidney disease 30 
 Not consumer enough fiber 36 
 Excess intake of saturated fats 36 
 Not consuming sufficient fruits and vegetables 50 
 Other 9 
 None 8 
   
What types of protein supplement products 
have you tried? (Check all that apply) 
High protein breakfast bars 71 
High protein cereals 39 
 High protein sports bars 52 
 Protein gels 5 
 Protein powders for drinks/shakes 47 
 Pre-mixed high protein drinks/shakes 35 
 Other 1 
 None 5 
   
What would you consider a high protein diet, in 
terms of % of calories coming in from protein? 
0-10% 1 
10-20% 6 
 20-30% 50 
 30-40% 30 
 40-50% 7 
 More than 50% 0 
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Table 4.12a.  Mean ratings for acceptance of high protein snacks by 100 consumers, averaged 
across protein type.  For sample descriptors, letters indicate protein type with A = 
100% whey to 0 % soy, B = 75:25, C = 50:50, D = 25:75 and E = 0:100.  Within 
each protein type, scores are averaged across all protein levels.  1=dislike 
extremely and 9-like extremely on a 9-point hedonic scale.  Means within each 
column followed by the same letter are not significantly different at a level of 5% 
DVGHWHUPLQHGE\)LVKHU¶V/6'WHVW   
 
Protein Type 
Overall 
Acceptance 
A 4.90 b 
B 4.64 c 
C 5.11 a 
D 5.23 a 
E 5.21 a 
 
 
Table 4.12b.  Mean ratings for acceptance of extruded high protein snacks by 100 consumers, 
averaged across protein level.  For sample descriptors, 28, 33, 38 and 43 indicate 
total protein level in a sample.  Within each protein level, scores are averaged 
across all protein types.  1=dislike extremely and 9-like extremely on a 9-point 
hedonic scale.  Means within each column followed by the same letter are not 
significantly different at a level of 5% as determiQHGE\)LVKHU¶V/6'WHVW 
 
Protein Level 
Overall 
Acceptance 
28% 5.32 a 
33% 4.93 b 
38% 5.27 a 
43% 4.53 c 
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Table 4.12c.  Mean ratings for acceptance of high protein snacks by 100 consumers. Sample 
codes correspond to those in Table 4.1.  1=dislike extremely and 9-like extremely 
on a 9-point hedonic scale.  Means within each column followed by the same 
OHWWHUDUHQRWVLJQLILFDQWO\GLIIHUHQWDWDOHYHORIDVGHWHUPLQHGE\)LVKHU¶V
LSD test.   
 
 
Sample 
Overall 
Acceptance 
28A 5.32 bcd 
28B 5.03 defg 
28C 5.91 a 
28D 5.29 bcde 
28E 5.07 cdefg 
33A 4.70 gh 
33B 4.80 fgh 
33C 4.87 fgh 
33D 4.91 efgh 
33E 5.37 bcd 
38A 5.02 defg 
38B 5.01 defg 
38C 5.41 bc 
38D 5.60 ab 
38E 5.30 bcd 
43A 4.55 hi 
43B 3.70 j 
43C 4.23 i 
43D 5.11 cdef 
43E 5.08 cdefg 
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Table 4.13.  9-point hedonic scale responses for high protein snacks evaluated by 100 consumers grouped by agglomerative 
hierarchical clustering.  Sample codes refer to those described in Table 4.1.  Cluster numbers refer to those in Figure 4.2.   
 
Cluster 28A 28B 28C 28D 28E 33A 33B 33C 33D 33E 
1 5.6 4.6 5.6 4.8 3.2 4.4 4.7 4.3 4.0 3.3 
2 2.8 2.8 4.2 4.7 6.2 2.7 2.2 3.3 4.3 6.7 
3 5.0 5.5 6.0 5.2 6.3 4.2 4.5 5.2 5.0 6.6 
4 6.9 6.5 7.2 6.6 5.6 7.0 6.9 6.2 6.5 6.0 
Cluster 38A 38B 38C 38D 38E 43A 43B 43C 43D 43E 
1 4.6 4.6 5.3 5.1 3.9 5.3 3.3 3.8 4.2 3.7 
2 2.5 3.1 3.2 5.8 6.8 2.2 1.5 2.3 4.4 5.6 
3 4.9 4.9 5.6 5.7 6.2 3.4 3.9 4.2 5.5 6.1 
4 7.2 6.8 6.5 6.1 5.4 6.5 5.3 6.1 6.5 5.5 
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F igure 4.1a.  Contour plot generated from the model predicting the puffed appearance attribute.  
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F igure 4.1b.  Contour plot generated from the model predicting the porous appearance 
attribute.  
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F igure 4.1c.  Contour plot generated from the model predicting the uniformity appearance 
attribute.  
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F igure 4.1d.  Contour plot generated from the model predicting the roasted soy aroma attribute.  
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F igure 4.1e.  Contour plot generated from the model predicting the dog food aroma attribute.  
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F igure 4.1f.  Contour plot generated from the model predicting the buttery aroma attribute.  
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F igure 4.1g.  Contour plot generated from the model predicting the toasted corn aroma attribute.  
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F igure 4.1h.  Contour plot generated from the model predicting the saltiness taste attribute. 
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F igure 4.1i.  Contour plot generated from the model predicting the sweetness taste attribute.  
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F igure 4.1j .  Contour plot generated from the model predicting the toasted corn aroma-by-mouth 
attribute. 
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F igure 4.1k .  Contour plot generated from the model predicting the roasted soy aroma-by-mouth 
attribute.  
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F igure 4.1l.  Contour plot generated from the model predicting the cheese aroma-by-mouth 
attribute.  
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F igure 4.1m.  Contour plot generated from the model predicting the dried creamer aroma-by-
mouth attribute.  
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F igure 4.1n.  Contour plot generated from the model predicting the buttery aroma-by-mouth 
attribute. 
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F igure 4.1o.  Contour plot generated from the model predicting the crispy texture attribute.  
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F igure 4.1p.  Contour plot generated from the model predicting the crunchy texture attribute.  
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F igure 4.1q.  Contour plot generated from the model predicting the grittiness texture attribute.  
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F igure 4.1r .  Contour plot generated from the model predicting the toothpack texture attribute.  
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F igure 4.2.  Principal component analysis biplot of Factor 1 and Factor 2 by the correlation 
matrix of mean attribute intensity ratings across all samples.  For attributes, 
A=aroma and F=flavor (aroma-by-mouth).  For sample descriptors, 28, 33, 38 and 
43 indicate total protein level in a sample, and letters indicate protein type with A = 
100% whey to 0 % soy, B = 75:25, C = 50:50, D = 25:75 and E = 0:100.   
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F igure 4.3.  'HQGURJUDPUHVXOWLQJIURPDJJORPHUDWLYHKLHUDUFKLFDOFOXVWHUDQDO\VLVE\:DUG¶V
method of overall liking scores of high protein extruded snacks evaluated by 100 consumers.  
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F igure 4.4a.  9-point hedonic scale responses for high protein snacks averaged by protein level, 
evaluated by 100 consumers grouped by agglomerative hierarchical clustering.  
Sample codes refer to those described in Table 4.1.  Cluster numbers refer to 
those defined in Figure 4.1.   
 
 
 
F igure 4.4b.  9-point hedonic scale responses for high protein snacks averaged by protein level, 
evaluated by 100 consumers grouped by agglomerative hierarchical clustering.  
Sample codes refer to those described in Table 4.1.  Cluster numbers refer to 
those defined in Figure 4.1.   
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F igure 4.5.  Internal preference map for 9-point hedonic scale responses by 100 consumers.  For 
attributes, A=aroma and F=flavor (aroma-by-mouth).  For sample descriptors, 28, 
33, 38 and 43 indicate total protein level in a sample, and letters indicate protein 
type with A = 100% whey to 0 % soy, B = 75:25, C = 50:50, D = 25:75 and E = 
0:100. 
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F igure 4.6.  Contour plot describing the model generated to predict 9-point consumer hedonic 
overall liking responses 
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F igure 4.7.  External preference map of twenty high protein extruded snack samples profiled by 
a trained panel and evaluated for overall liking by 100 consumers.  For attributes, 
A=aroma and F=flavor (aroma-by-mouth).  For sample descriptors, 28, 33, 38 and 
43 indicate total protein level in a sample, and letters indicate protein type with A = 
100% whey to 0 % soy, B = 75:25, C = 50:50, D = 25:75 and E = 0:100.  For each 
consumer, the marker indicates the model type that was found to best fit that 
FRQVXPHU¶VSUHIHUHQFHV 
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Chapter 5.  Conclusions 
 
Both protein level and protein type had a significant effect on physicochemical, sensory 
and consumer acceptability aspects of the high protein extruded snacks.  Each of these dependent 
measures was modeled in order to predict the effect of varying the independent variables (protein 
level and type).  These models can be directly used, or their trends can be interpreted for 
customization of the physicochemical, sensory or consumer acceptance characteristics of a 
similar high protein extruded snack food.   
Protein level affected physicochemical properties of the snacks, namely lowering the 
water hydration capacity, lowering values for texture analysis measuring energy (force x 
GLVWDQFHDQGDIIHFWLQJWKHVDPSOHV¶FRORU.  These findings were corroborated from the results of 
PDQ\SUHYLRXVVWXGLHV3URWHLQW\SHZDVDOVRIRXQGWRVLJQLILFDQWO\DIIHFWWKHVQDFNV¶
physicochemical properties.  Samples high in soy protein, in relation to whey protein, were 
found to have a higher degree of expansion, less hardness measured by texture analysis as well 
as color differences,WLVGLIILFXOWWRFRPSDUHWKHVHILQGLQJVWRSUHYLRXVVWXGLHV¶UHVXOWVDVPRVW
research has focused on supplementation with a sole source of protein.  The effects of a 6-month 
storage time in ambient conditions were found to be fading color, an increase in water activity 
and a decrease in the amount of force required to break the samples.  Based on correlations from 
the sensory work done, it is unlikely that these changes would significantly impact how 
consumers perceive the product.   
The independent variables also significantly affected the perceivable sensory 
characteristics of the samples.  Increasing protein level lowered puffed and porous appearance, 
increased dog food aroma, lowered toasted corn aroma-by-mouth, increased cheese and dried 
creamer aromas-by-mouth, and decreased crispiness and grittiness. Varying protein type by 
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increasing soy protein, in relation to whey protein, resulted in a more puffed and porous 
appearance, lower dog food and buttery aroma, less sweetness, higher toasted corn and roasted 
soy aromas-by-mouth, lower cheese, dried creamer and butter aromas-by-mouth, higher 
crispiness and grittiness and lower crunchiness.  Many of the attributes generated by the 
descriptive panel are characterized by samples based on their protein type, shown in the 
correlation matrix and PCA plot.   
Analyzing the mean acceptance ratings for all samples shows the effect of protein level 
and protein type to be minimal as there is a small range of liking scores around the neutral point 
of the scale.  These results show a slightly increased liking score by decreasing protein level and 
increasing soy protein content.  Investigation of individual panelist responses through 
agglomerative hierarchical clustering and internal preference mapping revealed a much larger 
variety of preferences among the panel.  This is due to the large differences in the samples in 
terms of appearance, aroma-by-mouth and texture, quantitatively outlined by the descriptive 
panel.  These results suggest many of the samples from this study could be a base in developing 
a highly accepted product. 
 Implications of this research can likely benefit future product development for food 
products using similar matrices, processing techniques and protein levels.  Based on a food 
SURGXFHU¶VSUHIHUHQFHIRUYDULRXVTXDOLWLHVRIDSURGXFWVXFKDVFRORUH[SDQVLRQaroma-by-
mouth, texture or any other dependent variable investigated in this study, learnings from this 
work can guide formulation to achieve desired product characteristics.   
 Future possible areas of research include optimization of the product using popular post-
processing techniques for extruded foods such as frying, coating or adding flavors by other 
means, and then conducing consumer acceptance testing within the context of commercially 
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successful products in order to determine market potential.  Another area of future research could 
be investigating the effect of the degree of protein hydrolysis on expansion characteristics in the 
sample, as the soy protein used in our study had a higher percent of hydrolyzed protein compared 
to the whey proteins used.  It was shown that the degree of expansion directly correlated to many 
texture characteristics, so if the degree of hydrolysis does relate to expansion, food producers 
would be able to customize expansion and texture characteristics to suit consumers expectations 
and preferences.   
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Appendix A .  Recruitment flyer for descriptive analysis panel 
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Appendix B .   Screener form for descriptive analysis panel recruitment    
HIGH  PROTEIN  SNACK  DESCRIPTIVE  PANEL  
PRESCREENING  QUESTIONNAIRE    
Contact  Information  Name:     __________________________________________________________________  Email:     ___________________________            Phone:   ______________________________  Address:   __________________________________________________________________    
Are  you  a  US  Citizen  or  permanent  resident?              Yes       No     ǲǡǳͳ	ͳǫ           Yes       No    
Are  you  available  to  participate  every  weekday  from  5/10-­‐5/28?     Yes       No             
Do  you  have  any  food  allergies  or  intolerances?              Yes       No     ǲǡǳ  list  them  below:      
  
Will  you  be  on  any  type  of  restricted  diet  during  the  test  period?     Yes     No  (Please  keep  in  mind  any  medical,  personal  or  religious  dietary  restrictions,  e.g.  vegetarianism,  Lent  or  Passover)     ǲǡǳǣ        
Do  you  have  any  of  the  following?  
     Dentures           Oral  or  gum  disease     Hypertension        Hypoglycemia        Diabetes      Hypercholesterolemia  
  
Do  you  smoke?                          
  Yes     No  
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Appendix C .   Form for basic taste identification for descriptive panel recruitment  
  
TASTE  IDENTIFICATION  
  
PART  I:  Basic  Taste  Test  1. Rinse  your  mouth  with  water  before  you  begin.  2. Take  a  sip  of  the  sample  into  your  mouth  and  move  it  around  so  it  touches  all  parts  of  your  tongue.  Do  not  swallow  the  sample;  expectorate  it  into  the  provided  spit  cup.  3. Write  which  of  the  basic  tastes  (sweet,  salty,  sour,  bitter,  umami  or  none)  you  perceive  in  the  sample  on  the  corresponding  blank.  If  you  are  unsure  of  the  
ǡǲǫǳȋǤǤǲǫǳȌǤ-­‐tasting  is  allowed.  4. Rinse  your  mouth  with  water  before  tasting  the  next  sample.       Sample   Basic  Taste   Sample   Basic  Taste     655   ________________   578   ________________     184   ________________   910   ________________     321   ________________   242   ________________  
PART  II:  Paper  Test  Place  the  piece  of  paper  on  your  tongue,  close  your  mouth,  and  wet  the  paper  with  saliva  for  10  seconds.  Do  you  perceive  a  taste?           Yes       No       ǲǡǳǫ  _________________       If  you  answered  ǲǡǳfollowing  scale  that  represents  how  strong  the  taste  you  perceive  is:  
  
1   2   3   4   5   6   7   8   9   10  
Very  
Weak  
                        Very  
Strong  
  
Part  III:  Sample  Evaluation  Taste  the  snack  sample.  Write  down  any  words  below  that  you  might  use  to  describe  the  sample:  
  
          
   
  170    
Appendix D.  Basic taste testing methods         Basic  Taste  Screening       1.  Prepare  solutions  in  a  1000  mL  flask  according  to  the  following  table.  2.  Mix  using  a  stir  plate  and  stir  magnet.  3.  Label  1  oz.  plastic  cups  with  3-­‐digit  random  numbers.  4.  Aliquot  20  mL  of  each  solution  into  40  cups  and  place  a  lid  on  each  cup.  5.  Place  cups  on  trays  and  store  in  the  refrigerator,  making  sure  that  the  door  is  shut  tightly.  
͸ǤǯǤ    
  
  
BASIC  SOLUTION  (500  mL  prep)    3-­‐digit  code   Taste   Concentration   Ingredient   Amount  ingredient   Amount  Water       __578__   Sour   0.05%   Citric  acid   0.25  g   499.75  g          __242__   Sweet   0.70%   Sucrose   3.5  g   496.5  g       __910__   Blank   0   -­‐   -­‐      500.00  g       __655__   Sour   0.05%   Citric  acid   0.25  g      499.75  g    __184__   Salty   0.1%   Salt   0.5  g      499.5  g    __321__   Bitter   0.024%   Caffeine   0.12  g      499.88  g                    
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Appendix E .  Consent form for descriptive analysis panel 
 
INFORMED  CONSENT  FORM  FOR  SENSORY  EVALUATION  PANELISTS  
ǲDESCRIPTIVE  PANEL  ON  EXTRUDED  HIGH  PROTEIN  SNACK  PRODUCTSǳ    
You are invited to participate in a study involving sensory evaluation of high protein snack products.  The goal of 
this research is to establish the descriptive profiles of a set of extruded high protein snack products. These snack 
samples will be evaluated using a hybrid descriptive analysis method. You will be asked to taste each sample and 
rate it in terms of intensity for a series of descriptive attributes. There may be a slight risk involved due to potential 
food allergies. Since the reference products used to rate the samples are to be decided by the panel of participants, 
potential allergens involved in the study are yet to be determined but will include soy, corn and milk proteins. 
Therefore, if you have any food allergies, you should not participate in this study. You are free to withdraw from the 
study at any time for any reason. 
 The  study  will  be  conducted  in  Bevier  Hall  Room  376.  We  anticipate  that  there  will  be  25  panel  evaluations  over  3  weeks.  Each  session  of  panel  evaluation  will  last  approximately  60  minutes.  Participation  in  the  study  will  be  voluntary,  and  you  will  be  compensated  monetarily  for  your  participation.    Your  performance  in  this  study  is  confidential.  Responses  are  coded  to  be  anonymous  and  any  publications  or  presentations  of  the  results  of  the  research  will  only  include  information  about  group  performance.  Images  taken  during  the  panel  may  be  used  in  oral  or  poster  presentations  of  the  research.    Names  of  panelists  will  not  be  attached  to  the  images.    
Upon completion of the study, you will be compensated monetarily in the amount of $180. You are free to withdraw 
at any time during the course of the study. The experimenter(s) also reserve the right to terminate the study of an 
individual subject at any time. You will be terminated if you miss sessions, are consistently late, or cannot follow 
directions. If you do not complete the study, you will be compensated for your time at a rate of $6/hour. You  are  encouraged  to  ask  any  questions  about  this  study  whether  before,  during,  or  after  your  participation.    However,  specific  questions  about  the  samples  that  could  influence  the  outcome  of  the  study  will  be  deferred  to  the  end  of  the  experiment.    Questions  can  be  addressed  to  Dr.  Soo-­‐Yeun  Lee  (217-­‐244-­‐9435,  soolee@illinois.edu)  or  Joseph  Kreger  (630-­‐234-­‐6761,  illinisensory@gmail.com).    You  may  also  contact  the  IRB  Office  (217-­‐333-­‐2670,  irb@illinois.edu)  for  any  questions  about  the  rights  of  research  subjects.    If  you  live  outside  the  local  calling  area,  you  may  also  call  collect.    I  understand  the  above  information  and  voluntarily  consent  to  participate  in  the  study  described  above.    I  have  been  offered  a  copy  of  this  consent  form.    I  am  18  years  of  age  or  older.    I  agree  to  have  photographs  taken  of  me  while  participating  in  this  research.    Signature                     Date    Print  Name  
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Appendix F .  Recruitment flyer for consumer test 
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Appendix G .  Preliminary questionnaire screening form for consumer test 
 
Thank  you  for  your  interest  in  participating  in  a  consumer  test  on  high  protein  snack  foods.    This  test  is  seeking  
to  determine  consumer  acceptance  of  high  protein  snack  foods  by  consumers  familiar  with  snack  foods.    Before  
the  test,  I  need  to  ask  you  a  few  questions  to  help  organize  the  test.    All  information  will  be  kept  confidential  and  
will  be  seen  only  by  the  researchers.  
  
If  you  have  any  questions  or  concerns,  feel  free  to  contact  Joseph  Kreger  at  illinisensory@gmail.com.    Please  send  
your  completed  form  to  illinisensory@gmail.com  as  well.  
    
Name:________________  
  
Email  Address:  ________________  
  
1.   Are  you  interested  in  participating  in  a  consumer  acceptance  test  for  high  protein  snack  
foods?  
  
__YES       __  NO    
2. Are  you  over  18  years  old?     __  YES      __  NO  
  
3. Are  you  allergic  to  any  foods?     __  YES      __  NO  
  
ǡǯto:    _____________________________  
4. You  identify  yourself  as:  (check  all  that  apply)  
  
__  American  Indian  or  Alaska  Native  
__  South  Asian  
__  Other  Asian  
__  Black  or  African  American  
__  Caucasian  
__  Hispanic  or  Latino  
__Native  Hawaiian  or  Other  Pacific  Islander  
__Other:  ________________    
5. Desired  time  to  participate:    Put  an  X  in  the  boxes  of  times  when  you  are  available  to  
participate,  and  write  out  your  top  3  times  you  would  prefer  to  participate:  
_______________________________  
(You  will  only  need  to  participate  once  during  the  week  of  April  26th,  and  at  the  end  of  that  
session  you  will  schedule  your  one  session  for  the  following  week.    Sessions  should  only  take  
about  30  minutes  to  complete)  
  
Time  of  Day  
Test  Date  
4/26   4/27   4/28   4/29   4/30  
9-­‐10am                 
10-­‐11am                 
11-­‐12pm                 
12-­‐1pm                 
1-­‐2pm                 
2-­‐3pm                 
3-­‐4pm                 
4-­‐5pm                 
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Appendix H .  Consumer test demographics questionnaire 
 
 
DEMOGRAPHICS  QUESTIONNAIRE  
  Date:  _____________  (mon/day/year)               Code  No.  ________    
We  want  to  ask  you  a  few  questions  about  yourself.    This  information  will  help  us  compare  
opinions  of  people  with  different  backgrounds.    All  information  is  confidential  and  will  not  
be  identified  with  your  name.    You  may  choose  not  to  answer  any  of  the  questions  if  you  wish  
as  your  participation  is  voluntary.  
  
1. How  old  are  you?  
  
   Under  18  years  old        18-­‐25  years  old        26-­‐35  years  old        36-­‐45  years  old        46-­‐55  years  old        56-­‐65  years  old          Over  65  years  old    
2. What  is  your  gender?  
  
     Male    
     Female    
3. How  do  you  describe  yourself?  (check  all  that  apply)  
  
     American  Indian  or  Alaska  Native            Asian          Black  or  African  American          Caucasian         Hispanic  or  Latino         Native  Hawaiian  or  Other  Pacific  Islander         Other:                                                                                                                
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4. Approximately  how  often  do  you  snack  between  meals?       More  than  once  a  day     Once  a  day       Once  every  few  days       Once  a  week       Seldom       Never    
5. How  important  is  high  protein  content  in  the  snack  foods  you  consume?         Very  important       Somewhat  important       Indifferent    
6. How  important  is  low  fat  content  in  the  snack  foods  you  consume?       Very  important       Somewhat  important       Indifferent    
7. How  important  is  making  sure  your  overall  diet  includes  an  adequate  amount  
of  protein?       Very  important       Somewhat  important       Indifferent    
8. Which  of  the  following  benefits  do  you  associate  with  a  high  protein  diet?  
(Check  all  that  apply)    Loss  of  body  fat                 Can  reduce  the  risk  of    obesity          Increased  lean  body  mass                    Cardiovascular  benefits            Being  satiated  or  suppressing  hunger      Improved  recovery  from  exercise    
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          Increasing  ones  metabolism              Other:  ____________________________________________________       None,  I  have  not  heard  about  any  health  benefits  associated  with  a  high  protein  diet    
9. What  are  some  risks  you  associate  with  a  high  protein  diet?  (Check  all  that  
apply)       High  cholesterol            Heart  disease       Osteoporosis                 Kidney  disease     Not  consuming  enough  fiber           Excess  intake  of  saturated  fats       Not  consuming  sufficient  fruits  and  vegetables     Other  ________________________________________________       None,  I  have  not  heard  about  any  risks  associated  with  a  high  protein  diet    
10. What  would  you  consider  a  high  protein  diet,  in  terms  of  percentage  of  your  
calories  coming  from  protein?         0-­‐10%                 10-­‐20%       20-­‐30%                    30-­‐40%       40-­‐50%                 More  than  50%    
11. What  types  of  protein  supplement  products  have  you  tried?  (check  all  that  
apply)       High  protein  breakfast  bars          High  protein  cereals       High  protein  sports  bars            Protein  gels       Protein  powders  for  drinks  or  shakes          Pre-­‐mixed  high  protein  beverages  or  shakes     Other  :      ___________________________________________________________    
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12. Approximately  how  often  do  you  consume  a  protein  supplement  (products  
related  to  the  options  in  question  #10)  in  your  diet?    
        Every  day       A  few  times  a  week       Once  a  week       A  few  times  a  month       Once  a  month       A  few  times  a  year       Once  a  year       Less  than  once  a  year    
13. What  are  some  foods  you  choose  to  include  in  your  diet  to  increase  your  
protein  intake?  (check  all  that  apply)       Meats  (beef,  chicken,  pork  etc.)         Fish  and  seafood         Soy  products  (tofu,  soymilk,  etc.)       Dairy  products  (milk,  yogurt,  cheese,  etc.)     Legumes  and  nut  related  products  (beans,  peanut  butter,  etc.)     Other  ___________________________        
Thank  you  for  answering  the  questions  
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Appendix I .  Consent form for consumer test 
 
IN F O R M E D C O NSE N T F O R M F O R SE NSO R Y E V A L U A T I O N PA N E L ISTS 
³&21680(5$&&(37$1&(2) H I G H PR O T E IN SN A C K  F O O DS´ 
 
You are invited to participate in a study involving sensory evaluation of high protein snack foods. 
The goal of this research is to evaluate the consumer acceptance of high protein snack products. 
The results of this study will be used to understand consumer preference about different high 
protein snack products. The products will be evaluated using the 9-point hedonic acceptance test. 
You will be asked to taste 20 samples independently and rate them in terms of liking. You will 
also be asked to complete a demographic questionnaire. There are no risks to you beyond those 
of everyday life. Known allergens involved with the products and reference products in this 
study are soy, corn and milk proteins. A complete list of ingredients is available for review. If 
you are allergic to any of these proteins, you should not participate in this study. The University 
of Illinois does not provide medical or hospitalization insurance coverage for participants in this 
research study nor will the University of Illinois provide compensation for any injury sustained 
as a result of participation in this research study, except as required by law. You are free to 
withdraw from the study at any time for any reason and it will have no effect on your grades at, 
status at, or future relations with the University of Illinois. 
 
You will need to participate in two (2) 30 minute sessions. Participation in the study will be 
voluntary, and you will be compensated with a Bevier Café gift card of $10 for your 
participation. If you choose to withdraw from the study prior to completion you will forfeit the 
gift card. 
 
Your participation in this study is confidential. Responses are coded to be anonymous and any 
publications or presentations of the results of the research will only include information about 
group performance. Data gathered from the entire project will be summarized in the aggregate, 
excluding references to any individual responses. The aggregated results of our analysis will be 
for journal articles and conference presentations. Again, your input is very important to us and 
any information we receive from you will be kept secure and confidential. 
 
You are encouraged to ask any questions that you might have about this study whether before, 
during, or after your participation. However, specific questions about the samples that could 
influence the outcome of the study will be deferred to the end of the experiment. Questions can 
be addressed to Dr. Soo-Yeun Lee (Responsible Project Investigator, Assistant Professor, Dept. 
of Food Sci. and Human Nutr., 217-244-9435, soolee@illinois.edu) or Joseph Kreger (630-234-
6761, illinisensory@gmail.com). You may also contact the Institutional Review Board Office 
(217-333-2670, irb@illinois.edu) for any question about the rights of research subjects. 
______________________________________________________________________________
____________ 
I understand the above information and voluntarily consent to participate in the study described 
above.  I have been offered a copy of this consent form and I am 18 years of age or older. 
 
Signature       Date 
 
 
Print Name
